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EXECUTIVE SUMMARY
1. Scope of the Supplemental Site Investigation

Data developed during the implementation of Groundwater/Surface-Water Investigation
Plan (GSIP) at the Industri-Plex Site (Site) during the early 1990s indicated that Site-
related groundwater constituents of concern (i.e, benzene, toluene, arsenic, and
chromium) undergo certain transformations as they migrate in the aquifer away from
suspected source areas and towards the Hall’s Brook Holding Area (HBHA) Pond, and as
groundwater passes through the sediment at the base of the HBHA Pond. To further
evaluate the geochemical transformations that take place within the aquifer downgradient
of the source areas, and thus the ultimate fate of constituents of concern {COCs) as
groundwater discharges to the HBHA Pond, the Industri-Plex Site Remedial Trust (ISRT)
has commissioned a multi-disciplined team of experts to conduct a Supplemental Site
Investigation (S8SI) at the Site. This team includes Roux Associates, Camp Dresser &
McKee (CDM), Environmental Science & Engineers (ES&E), and Envirogen. Roux
Associates provided groundwater expertise and team management. CDM provided
geochemical and groundwater modeling expertise. ES&E provided environmental

toxicology expertise, and Envirogen provided biochemical expertise.

The objectives of the SSI were to:

evaluate current Site conditions;
e preliminarily evaluate COC mobilization mechanisms;

e investigate the nature and extent of the geochemical and biological processes
potentially affecting the discharge of COCs to the HBHA Pond; and

o develop an initial groundwater flow model which will serve as the basis for
quantitatively representing hydrogeological and geochemical processes controlling
COC fate and transport.

In scoping the SSI, the project team adopted a “source-to-sink™ approach for investigating
the various bio- and geochemical processes controlling COC fate and transport at the Site.

This approach was adopted because the processes influencing COC fate and transport in
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different areas of the Site (e.g., source areas, discharge areas, etc.) are often unique to
those areas. Accordingly, the SSI was scoped as individual “work elements,” each of

which was designed to focus on conditions and processes in discrete areas of the Site.

The SSI consisted of five separate work elements, each focusing on hydrogeologic and/or
geochemical conditions in a particular media or portion of the study area, and proceeding
in a “source-to-sink™ fashion. The five work elements comprising the SSI include the
following;

e Work Element 1 - source areas investigation,

» Work Element - downgradient groundwater investigation;

o Work Elecment - HBHA pond sediment (groundwater/surface-water interface)
investigation;

« Work Element 4 - HBHA pond surface-water investigation; and

e Work Element 5 - HBHA wetland investigation.

(PSS ]

The source areas investigation {Work Element 1) included evaluations of groundwater and
soil geochemistry in the immediate vicinity of suspected source areas. This work was
performed to further evaluate the mobilization mechanisms at the Site source areas, assess
current geochemical conditions in source-area groundwater, and develop groundwater
data to assist in calibrating the groundwater flow mode! being constructed as part of the

downgradiert groundwater investigation.

The downgradient groundwater investigation (Work Element 2) included evaluations of
groundwater geochemistry and groundwater flow gradients in the area of the HBHA
Pond, and development of a preliminary groundwater flow model for the Site and the area

downgradient of the Site.

The HBHA Pond sediment (groundwater/surface-water interface) investigation (Work
Element 3) included evaluations of sediment geochemistry, adsorption capacity, and
biodegradation capacity. The data generated were used to evaluate the current and long-

term environmental fate of COCs as groundwater discharges to the HBHA Pond.
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The HBHA Pond surface-water investigation (Work Element 4) included an evaluation of
surface-water geochemistry and a determination of the residence time of surface water

within the pond.

The HBHA wetland investigation (Work Element 5) included evaluations of surface-water
and sediment geochemistry, the adsorption capacity and biodegradation capacity of

wetland sedirnent, and the residence time of surface water within the wetlands.

II. Significant Conclusions of the Supplemental Site Investigation

Based on the findings of the various work elements conducted during the SSI, the
environmental fate-and-transport conclusions set forth in the GSIP have been updated and
expanded. Those expanded conclusions are presented below in a “source-to-sink”
fashion, beginning with the mobilization of COCs at the suspected source areas, then
describing the current and long-term fate and transport of the COCs as they migrate in
groundwater away from source areas and to the HBHA Pond, where they are attenuated

by HBHA Pond sediment as groundwater discharges into the HBHA Pond.

COC Release Mechanisms in Source Areas

Based on the data developed during the GSIP and the SSI, it appears that the stockpiling
of anaerobically-decaying hide residues atop arsenic- and chromium-containing soils
during development of the Site in the late 1970s resulted in the creation of environmental
conditions facilitating the mobilization of arsenic and chromium from the Site soils.
Specifically, groundwater and precipitation percolating through the anaerobically-decaying
hide residues is reduced through contact with the decaying hide residues. The reduced
groundwater then infiltrates the arsenic- and chromium-containing soils underlying the
hide piles, leaching arsenic and chromium from the soils, largely in the more mobile,
reduced forms of these metals (e.g., arsenic 1II and organically-complexed arsenic and
chromium compounds). The extent to which arsenic and chromium are leached from the

metals-containing soils, and the forms of arsenic and chromium present in the leachate, are
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controlled by the oxidation-reduction potential of the infiltrating water. Specifically, more
arsenic and chromium are leached, and more mobile forms are produced, by water with

lower oxidation-reduction potentials.

Presently, the source-area groundwater appears to be less strongly-reducing than it was
during the GSIP, which was conducted between 1990 and 1992. Specifically, Eh
conditions measured at source areas during the SSI increased compared to Eh’s measured
in source-area groundwater during the GSIP, This increase in oxidation of the source-
area groundwater appears to be the result of one of two factors, or perhaps a combination

of the two:

s site remedial measures (e.g., capping of the Site) implemented since completion of the
GSIP in 1992 have reduced the amount of precipitation that infiltrates through the hide
residues, and/or

o the amount of organic material available for leaching has decreased (via consumption)
since the GSIP, which was conducted between 1990 and 1992,

The less reducing conditions present at the hide piles today appear to have resulted in less
leaching of arsenic and chromium, and the production of generally less mobile forms of
these metals. Specifically, arsenic and chromium concentrations detected during the SSI
are generally less than those detected during the GSIP (C. 1990 - 1992), particularly at the
West and East-Central Hide Piles, and at the Arsenic Pit. In addition, the majority of the

source-area arsenic is now present in the oxidized, less mobile arsenic V form.

In addition to the arsenic and chromium sources, potential benzene and toluene source
areas were also identified during previous investigations. These source areas include the
following:

e a potential benzene source area located northeast of the South Hide Pile and directly

south of Atlantic Avenue; and

e a potential toluene source area located near the southeast corner of the East-Central
Hide Pile.

WIMOOBE826M10 106/R
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Despite extensive investigation during the 1980s and early 1990s using geophysical
methods, soil borings, and temporary monitoring wells, no significant area of benzene soil
contamination was ever found. Moreover, GSIP data, along with other data developed
during the early 1990s, indicated that a benzene “hot spot” had migrated away from the
potential benzene source area northeast of the South Hide Pile to an area adjacent to the
northern end of the HBHA Pond. Benzene concentrations at the South Hide Pile and near
the HBHA Pond appear to be generally the same today as they were during the GSIP.
Toluene concentrations at the East-Central Hide Pile, on the other hand, appear to have
decreased significantly since the GSIP {c. 1990 - 1992), suggesting a reduction in the
strength of the toluene source in that area, or a reduction in leaching of the source area

due to Site remedial measures completed since the GSIP.

Fate and Transport of COCs Downgradient of Source Areas

Once COCs have entered into the groundwater, their migration is governed by the
groundwater flow regime at and downgradient of the Site. This groundwater flow regime
is, in turn, controlled by surface-water features and the geometry of the underlying buried-
valley aquifer. The buried-valley aquifer is characterized by a series of upgradient branch
valleys underlying the Site which merge together into a main trunk valley in the vicinity of
the HBHA Pond. Groundwater containing COCs moves downgradient down each of the
branch valleys, and flows upward and discharges to surface water in the HBHA Pond.
Apparently, but to a lesser extent (i.e., only for some of the groundwater migrating from
the area of the West Hide Pile), some groundwater discharges to the New Boston Street
Drainway (a tributary of Hall’s Brook and the HBHA Pond). Consequently, the HBHA
Pond acts as the “endpoint” for the groundwater COC plumes migrating away from
suspected source areas at the Site. This conclusion, that the HBHA Pond acts as the
“endpoint” for the groundwater COC plumes at the Site, was first set forth in the GSIP
and is supported by the water-level data developed for the area near the HBHA during the
SSI. This conclusion is further supported by SSI groundwater modeling efforts, which
indicate that. even with sensitivity-analysis changes in key variables, such as hydraulic

conductivity of the aquifer and bedrock topography, modeled groundwater discharge from
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identified suspected source areas is still to the HBHA Pond, or to the New Boston Street
Drainway (a tributary of the pond) in the case of groundwater moving downgradient from

the West Hide Pile.

As Site-related COCs migrate downgradient toward the HBHA Pond, they enter an area
of the aquifer characterized by conditions more oxidizing than those present in the source
areas. Here, arsenic and chromium concentrations in groundwater are attenuated (via
adsorption and/or precipitation within the aquifer matrix) due to the change to more
oxidizing conditions. More reducing conditions may exist, however, in limited areas of
the aquifer, particularly at depth, where more of the organic matter from the source areas
is present in groundwater. In these organic-material-rich areas of the aquifer, arsenic and
chromium attenuation appears to be limited, as the arsenic and chromium remain in
solution in reduced forms instead of being oxidized and adsorbing/precipitating out with

iron hydroxides.

Little attenuation of benzene and toluene appears to take place in the aquifer

downgradient of their suspected source areas.

Environmental Fate of COCs in Groundwater Discharging to the HBHA Pond

As groundwater discharges to the HBHA Pond, bio- and geochemical processes taking
place in the pond sediment filter out or metabolize the COCs from the discharging
groundwater, such that only low concentrations of dissolved COCs are pre{sent in pond
surface water, and generally only at the base of the pond. A major conclusion of the SSI
is that these processes continue today to effectively remove COCs from discharging

groundwater.

The particular mechanisms responsible for the removal of COCs prior to groundwater
discharge vary. Adsorption to iron-bearing pond sediment and co-precipitation with iron
sulfates and iron hydroxides appear to be the mechanisms by which arsenic and chromium

are attenuated. The role of organic carbon in sequestering arsenic and chromium appears
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to be minimal.  This represents a slight modification of the GSIP conclusion that
chromium, in particular, complexed with sedimentary organic carbon in the pond sediment

and was thus filtered out of the discharging groundwater.

Biodegradation appears to be the mechanism most responsible for attenuation of benzene
and toluene. Biodegradation of benzene and toluene is believed to be occurring in the
HBHA Pond sediment for the following reasons:

» aprevious comparison of the benzene concentrations in groundwater beneath the pond
with the benzene concentrations in surface water at the base of the pond (Roux
Associates, 1995) indicated that greater than 90 percent of the mass of benzene
discharging to the HBHA Pond is removed as groundwater moves upward through the
pond sediment;

* benzene is known to be readily biodegradable; and

s  GSIP studies showed that microbes in HBHA Pond sediment thrive on a benzene food
source.

COCs adsorbed onto HBHA Pond sediment are generally retained in the pond, due to the
relative quiescence of the pond bottom, which is, in turn, a function of the pond’s
morphology (i.e., the pond was designed as a storm-water retention basin). The pond’s
sediment-retention efficiency is demonstrated by the presence of over 1 foot of extremely
fluid fine-grained sediment at the base of the pond, all of which has accumulated since the
1970s. However, based on the detection of COCs (i.e,, arsenic and chromium} on
suspended solids at the outlet from the HBHA Pond, some limited downstream transport

of sediment-adsorbed COCs to the HBHA wetland appears to occur.

Residence times for surface water in the HBHA Pond and particularly in the HBHA
wetlands appear to be too short to provide significant attenuation of any COCs that may
periodically break through to surface water. However, no significant concentrations of
COCs (i.e., greater than approximately 10 to 15 micrograms per liter) appear to migrate

beyond the HBHA Pond and wetlands via the surface-water pathway.
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Long-Term Environmental Fate Issues

Based on adsorption-capacity “lifetime” calculations performed during the SSI, the HBHA
Pond sediment appears to have an unlimited capacity (based on current trends in Eh/pH
conditions) to attenuate chromium in discharging groundwater since potential chromium
concentrations in pore water are limited by the relatively low solubility of the chromium
precipitate present in the sediment. The sediment’s capacity to attenuate arsenic
discharging 10 the pond is estimated to be at least several hundred years. However,
additional arsenic adsorption will likely be accompanied by increased pore-water
concentrations of arsenic. The sediment’s capacity to adsorb benzene was calculated to be
less than 1 year, assuming no biodegradation processes occur. However, although not
quantified during the SSI, biodegradation appears to be the dominant mechanism for

benzene and toluene removal from discharging groundwater,

Data Gaps
The SSI cornclusions reflect the most current and comprehensive understanding of the

environmental fate of COCs at the Site. Nonetheless, the SSI, together with the GSIP,
suggest that some additional investigation is appropriate. The items warranting further
investigation include the following:

¢ the trend toward less-reducing conditions at the source areas;
» toluene reductions in the suspected toluene source area;
¢ mechanisms for biodegradation of benzene in HBHA Pond sediments;

¢ potential remobilization of COCs in HBHA Pond sediment, particularly during storm
events; and

¢ the source and extent of arsenic detected in the MC-3 MicroWell™ cluster,
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1.0 INTRODUCTION

Data developed during implementation of the Groundwater/Surface-Water Investigation
Plan (GSIP) at the Industri-Plex Site (Site) during the early 1990s indicated that Site-
related groundwater constituents of concern (i.e., benzene, toluene, arsenic, and
chromium) undergo certain transformations as they migrate in the aquifer away from
suspected source areas and towards the Hall’s Brook Holding Area (HBHA) Pond, and
as groundwater passes through the sediment at the base of the HBHA Pond. To further
evaluate the geochemical transformations that take place within the aquifer downgradient
of the source areas, and thus the ultimate fate of constituents of concern (COCs) as
groundwater discharges to the HBHA Pond, the Industri-Plex Site Remedial Trust (ISRT)
has commissioned a multi-disciplined team of experts to conduct an Supplemental Site
Investigation (SSI) at the site. This team includes Roux Associates, Camp Dresser &
McKee (CDM), Environmental Science & Engineering (ES&E), and Envirogen. Roux
Associates provided groundwater expertise and team management. CDM provided
geochemical and groundwater modeling expertise. ES&E provided environmental

toxicology expertise, and Envirogen provided biochemical expertise.

The objectives of the §SI were to:

e evaluate current Site conditions;
o preliminarily evaluate COC mobilization mechanisms;

¢ investigate the nature and extent of the geochemical and biological processes
potentially affecting the discharge of COCs to the HBHA Pond; and

o develop an initial groundwater flow model which will serve as the basis for
quantitatively representing hydrogeological and geochemical processes controlling
COC fate and transport.

In scoping the SS81, the project team adopted a “source-to-sink” approach for investigating

the various bio- and geochemical processes controlling COC fate and transport at the Site,

This approach was adopted because the processes influencing COC fate and transport in
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different areas of the Site (e.g., source areas, discharge areas, etc.) are often unique to
those areas. Accordingly, the SSI was scoped as individual “work elements,” each of

which was designed to focus on conditions and processes in discrete areas of the Site,

This report presents the findings and conclusions of the 8SI. In keeping with the “source-
to-sink” approach adopted by the project team, the SSI findings and conclusions presented
in this SSI Report are reported in a similar, “source-to-sink™ fashion, beginning with the
mobilization of COCs at the suspected source areas, then describing the current and long-
term fate and transport of the COCs as they migrate in groundwater away from source
areas and to the HBHA Pond, where they are attenunated by HBHA Pond sediment as

groﬁndwater discharges into the HBHA Pond.
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2.0 SCOPE OF WORK

The SSI consisted of five separate work elements, each focusing on hydrogeologic and/or
geochemical conditions in a particular media or portion of the study area, and proceeding
in a “source-to-sink” fashion. The five work elements comprising the SSI include the
following:

e Work Element 1 - source areas investigation;
* Work Element 2 - downgradient groundwater investigation;

e Work Element 3 - HBHA pond sediment (groundwater/surface-water interface)
investigation;

s Work Element 4 - HBHA pond surface-water investigation; and

e Work Element 5 - HBHA wetland investigation.

Each of these work elements ig described in detail below.

2.1 Work Element 1 - Source Areas Investigation

The source areas investigation included evaluations of groundwater and soil geochemistry
in the immediate vicinity of suspected source areas. This work was performed to further
evaluate the mechanisms of arsenic mobilization at the Site source-areas, assess current
geochemical conditions in source-area groundwater, and develop groundwater data to
assist in calibrating the groundwater flow model being constructed as part of the
downgradient groundwater investigation. The objective(s) and scope of each component

of the source areas investigation are described in detail below.

2.1.1 Groundwater Geochemistry

Groundwater samples (GW-1 through GW-5) were collected by Roux Associates at
points immediately downgradient of the West, East-Central, and South Hide Piles and the
Arsenic Pit in order to assess current geochemical conditions in source-area groundwater

and to calibrate the groundwater flow model being developed as part of the downgradient
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groundwater investigation (Work Element 2). Source-area sampling locations are shown
in Figure 1. Sampling locations GW-1 through GW-4 were situated at points where
previous (i.e., GSIP} monitoring wells had been located, and each sample was collected
from within the interval screened by its respective analogue well, in order to assess the
temporal consistency of GSIP and SSI source-area groundwater geochemistry data. The

respective GSIP analogue wells for GW-1 through GW-4 are listed below:

SSI GSIP
GW-1 = -5
GW-2 = Ow-43
GW-3 = OW-16
GW-4 = OW-54C

Due to the limited amount of geochemical data available for wells WP-5 and OW-54C,
nearby wells OW-36 and OW-12 were also used for comparison with SSI data for
sampling points GW-1 and GW-4, respectively. Sampling location GW-5 had no GSIP
analogue well, but was situated not far from the former location of monitoring well OW-

39.

The source-area groundwater samples were collected using Geoprobe™ technology, by
hydraulically driving a slotted pipe into the saturated zone and extracting groundwater
using polyethylene tubing and a vacuum pump. Groundwater samples were filtered in the
field, and submitted to IEA, Inc. (IEA) of Billerica, Massachusetts for analysis (using
Contract Laboratory Program [CLP} protocols where appropriate) of COCs and the

following geochemical parameters:

¢ dissolved organic carbon (DOC);

e copper,
e zinc,

s sulfate;
o sulfide;
* nitrate;
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nitrite;

ammonia;

major cations (i.e., calcium, sodium, magnesium, potassium, and iron);
major anions (i.e. carbonate/ bicarbonate, chloride, and fluoride);
ferrous iron; and

chromiurn species (Cr III/VI),

Unfiltered samples were also submitted to IEA for analyses of total copper and zinc, and
total organic carbon (TOC). In addition, the groundwater samples were analyzed in the

field for pH, Eh, dissolved oxygen (DO), temperature, and specific conductance.

Filtered samples of source-area groundwater were also submitted to Brooks Rand, Ltd.
(Brooks Rand) of Seattle, Washington for analysis of arsenic species (i.e., arsenic III,
arsenic V, organic arsenic, methylated forms, and total arsenic), and to Huffman

Laboratories, Inc. (Huffman) of Golden, Colorado for DOC fractionation.

2.1.2 Soil Geochemistry

Envirogen conducted a soil/hide-material column study designed to simulate, in a
controlled laboratory setting, the reducing groundwater conditions previously indicated
beneath the hide piles at the Site (Roux Associates, 1991; 1992}, and to evaluate how
such reducing conditions impact arsenic mobilization and speciation. The column study
was also conducted to aid in the evaluation of measurements made at the Site during the
SSI that indicated significant reductions in the concentrations of arsenic in source-area

groundwater (see Section 3.1.1).

To simulate Site source-area conditions as closely as possible, a two-layer test column was
constructed with hide-containing soils overlain with arsenic-impacted soils, in order to
represent the spatial separation of these soils at the Site. Upgradient Site groundwater
was passed in an upflow mode through the hide-containing soil at a rate comparable to the
groundwater flow at the Site (2 feet per day; Roux Associates, 1991). In a further attempt
to simulate Site conditions, the soil column and Site groundwater were maintained within

a temperature range of 13°to 15°C.
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Historical Site data suggested that significant arsenic mobilization would occur when
highly reducing conditions were established in the test column, and that organic and

arsenic 11 species would represent a significant portion of the total arsenic mobilized.

Collection and Transportation of Soil and Groundwater Samples

Groundwater and soil/hide-material samples for the laboratory study were collected using
specific procedures designed to minimize changes in the in situ biological and geochemical
parameters characteristic of the Site (anaerobic bacterial population, pH, DO, and

oxidation-recluction potential [ORP]).

Samples of the hide residues were collected from the eastern portion of the East-Central
hide pile (Figure 1). Split-spoon samples from two separate borings were collected from
this location, each at a depth of 8 feet to 16 feet below land surface, and the split spoons
were cut into 2-foot lengths for shipment and storage. The hide-containing soils were a
deep black color with a pungent, musky odor characteristic of an anaerobic environment.
Texture of this soil resembled a crumbled coal interspersed with what appeared to be hide
fragments and hair. The uppermost material contained distinct layers of hair and hide
fragments, while at increasing depths, the incidence of hair and hide diminished, and the
matrix took on a coal-like appearance. Analysis showed that the hide residues contained a
relatively low level of arsenic (18 milligrams per kilogram [mg/kg]) and that the pH was

6.3.

Arsenic-impacted soil samples were collected from the Arsenic Pit. Sample borings were
drilled at three distinct locations to depths that ranged from 5 to 11 feet below land
surface. Split-spoon samples from each location were composited to yield three separate
samples, which were then transferred to glass jars for shipment and storage. The arsenic-
impacted soil samples exhibited a distinct white color and a texture that resembled chalk.

No distinct odor was noticeable. Arsenic was detected in the three composited samples,
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with total arsenic concentrations ranging from 290 to 340 mg/kg. The pH was slightly

depressed at 5.5.

The hide-containing soil samples were protected from geochemical/biochemical changes
during sampling and shipment as described below:

» a two-inch diameter sampling tool (lined with an acetate sleeve) was used within a
Geoprobe™ rig system to collect the soil material;

e prior to retrieval of the soil samples from the two-inch-diameter sampling tool, a
stream of nitrogen was focused into an anaerobic sample bag kept under continuous
positive nitrogen pressure;

» the soil cores were placed into this bag and cut into 2-foot lengths before sealing the
exposed =nds with plastic caps and tape; and

s during transport the soil cores were protected from sunlight and temperature extremes,
and upon arrival at Envirogen's biotreatability laboratory in Lawrenceville, New
Jersey, the samples were stored at 4°C.

The arsenic-impacted soils were collected in a similar manner, but were transferred to
glass jars for shipment.

The groundwater sampling location was selected as upgradient of the East-Central hide
pile, in the vicinity of former GSIP monitoring welt OW-28 (Figure 1). Preserving the
in situ redox state of the groundwater was the primary objective of the groundwater
collection and transportation activities. Therefore, the groundwater was protected from
geochemical alteration during sampling and shipment as follows:

» A low-flow peristaltic pump was used to create a constant flow of groundwater from
the installed monitoring well. Prior to groundwater collection, the well was purged
until the water's ORP and DO stabilized, indicating that representative groundwater
was being removed.

» A carboy was placed in a black plastic bag and purged with nitrogen. Once the carboy
was purged, nitrogen flow was directed into the plastic bag for purging. Nitrogen

flow was continued into the plastic bag until the sampling was completed.

* Groundwater was pumped slowly into the bottom of the carboy, displacing the
nitrogen out the top during filling, The carboy was filled using low flow groundwater
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pumping techniques, and the headspace was again flushed with nitrogen immediately
before sealing the carboy for shipment.

* During transport, the carboy was protected from sunlight and temperature extremes,
and immediately upon arrival at the test laboratory the carboy was stored in the dark at
4°C.

The effectiveness of the preservation steps outlined above were verified by measuring DO,
ORP, and pH on aliquots of the sampled groundwater during the column testing. The
groundwater was kept in the sampling carboy, and its geochemical parameters were

maintained at field values, as necessary, by periodically sparging with nitrogen gas.

Column Set-1jp

The column used for this study was constructed from a 2-inch-diameter glass tube that
was packed with 8 inches of the hide residue in the bottom and 10 inches of the arsenic-
impacted soils in the top of the column. The column was approximately 2 feet tall and
equipped with end caps drilled for the insertion of inlet and outlet ports. The ports
allowed a continuous flow of groundwater through the columns {in an upward flow
arrangement) at a rate of 1 milliliter (mL) per minute to be consistent with the

groundwater flow velocity assumed for the Site (2 feet per day).

The column was charged with the hide-containing soil by initially filling one-fifth of the
column volume with the Site groundwater. The geochemical parameters of the
groundwater were maintained representative of Site characteristics (e.g., DO, pH, and
ORP), typically through nitrogen purging, as needed. An equal volume of soils (bne-ﬁ&h
of the column volume) was passed through the top of the column and allowed to settle by
gravity into the water layer to promote even settling, thereby avoiding the formation of
gas pockets. This procedure was repeated until the entire length of the column was filled
with the two soil types. During this filling procedure, the soil column was flushed with a
stream of nitrogen to eliminate/minimize aeration of the soil. The top of the column was
closed with an end cap and then sealed using plumbers putty. The column was incubated

in an envirormental room maintained at a temperature of 13° to 15°C. The groundwater
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used to flush the column was at a pH of 6.5 and the DO was at 2.2 mg/L. To accelerate
the reduction process, the influent water was de-aerated by flushing with nitrogen to

reduce the DO to below 1.0.

During the first few weeks of operation, the pH of the column eluate was 6.0, the DO was
less than 1.0, and the ORP was measured at +83.5 millivolts (mV). Tt was apparent from
these initial measurements that anaerobic conditions had not become established in the test
column. Furthermore, effluent from the column was extremely turbid due to the leaching
of arsenic-impacted soils from the column. It was anticipated that the particulate in the
effluent would interfere with the comprehensive arsenic speciation analysis; however,
filtering of the eluate was considered unacceptable due to the potential for filtration to
cause aeration of the samples. Thus efforts were undertaken to solve both of these

operational issues.

To prevent particulate movement from the test column, approximately one-third of the
arsenic-impacted soil was replaced with a clean sand, and a 2-inch layer of glass wool was
placed into the effluent end of the column. The repacked column was operated as before
with the DO measured below 1.0 mg/L, but the effluent still exhibited an elevated ORP at
+140 mV, An initial effluent sample was collected at this point for analysis when the
effluent was no longer turbid, but before the effluent showed signs of becoming chemically

reduced,

Elevated ORP conditions suggested the possibility of limited microbial activity in the soils.
Site samples that had been archived (at 4°C) were re-tested for pH levels, and analyzed to
enumerate indigenous bacterial populations. Plate counts showed that both the arsenic-
impacted soils and the hide-containing soils were high in bacteria (i.e, 2.5 x 10°and 3.5 x
10® cells per gram, respectively). In addition, the hide-containing soils exhibited a very
high diversity of bacterial types. A hide-containing sample was then incubated with
glucose in a sealed system to verify that the indigenous bacteria (with only the indigenous

nutrients) could deplete the sample’s oxygen to yield low ORP conditions.
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The oxygen-uptake diagnostic experiment showed that the hide-containing soil was not
limited in essential nutrients, and that the indigenous bacteria could deplete all available
sample oxygen. In this diagnostic experiment, vials that had been amended with distilled
water, Site water, and a nutrient-rich medium all exhibited low ORP levels {i.e., -30, -80,
and -135 mV, respectively), after five days of incubation. Thus, results from the diagnosis
testing showed that hide-containing soils were capable of supporting microbial activity.
Envirogen therefore concluded that the prior test conditions were appropriate, but that
low temperature and/or an insufficient acclimation period had retarded the establishment

of an anaerobic microbial population.

To overcome this limitation, the test column was incubated at a warmer temperature
(21°C) for four days, and then returned to the lower incubation temperatures for the
remainder of the experiment. As a result of this transient increase in incubation
temperature, the test column showed the expected performance (i.e., depleted dissoived
oxygen and a reduced ORP in the effluent). The column effluent was monitored for a few
days to verity that performance had stabilized as indicated by maintaining low DO and
ORP measurements. Only after showing this expected performance was the column

effluent sampled and analyzed.

Arsenic Analysis

After the first week of column operation, prior to the diagnostic testing for the ORP,
influent and effluent water samples were collected for analysis of the following arsenic
species: arsenic ITI, arsenic V, monomethyl arsenate (MMA), dimethyl arsenate (DMAA),
and total arsenic. After anaerobic conditions were established in the column (following
the diagnostic testing and after establishing reduced conditions in the column), a second

effluent sample was collected and analyzed for arsenic species.

For each sample, teflon-lined, 250-mL bottles were filled with water leaving no headspace.
To prevent alterations in the geochemical parameters of these samples (e.g., DO and

ORP), the water was collected in nitrogen-purged glass carboys. The downstream side of
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the purged carboys was vented to an empty gas sampling bag to allow for the
displacement of nitrogen from the carboy. The DO and ORP of the collected water were
checked to verify that the collection of the samples did not cause sample aeration. The

samples were transported for overnight delivery to Brooks Rand for analysis.

2.2 Work Element 2 - Downgradient Groundwater Investigation

The downgradient groundwater investigation inciuded evaluations of groundwater
geochemistry and groundwater flow gradients in the area of the HBHA Pond, and
development of a preliminary groundwater flow model for the Site and the area
downgradient of the Site. The objective(s) and scope of each component of the

downgradient groundwater investigation are described in detail below.

2.2.1 Groundwater Geochemistry

In order to assess current geochemical conditions in downgradient groundwater, calibrate
the preliminary groundwater flow model, and provide groundwater for the batch
adsorption tests and biodegradation tests being performed as part of the HBHA pond
sediment investigation (Work Element 3), groundwater samples were collected by Roux
Associates from MicroWells™ installed by Pine & Swallow Associates, Inc. (Pine &
Swallow) along the east bank of the HBHA Pond and wetlands. Locations of the
MicroWell™ ciusters are shown in Figure 1. MicroWell™ cluster MC-1 was installed at a
point appro:xamating the former location of GSIP monitoring well cluster OW-56,
permitting comparison of SSI and GSIP data for consistency. MicroWell™ clusters MC-2

and MC-3 were installed in previously-unsampled areas.

Each MicroWell™ cluster consisted of three 1-inch-diameter, carbon-steel MicroWells,™
each with 10 feet of well screen. At each MicroWell™ cluster, one MicroWell™ screened
the interval just above the bedrock surface, one was screened across or just below the
water table, and one was screened approximately halfway between the water table and the

bedrock surface. MicroWell™ construction details are provided in Table 1.
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Following installation of the MicroWells,™ each MicroWell™ was developed to establish
hydraulic connection with the surrounding aquifer and to minimize the amount of
suspended sediment in the groundwater entering the MicroWells™  Following
development, groundwater samples were collected from each MicroWell™ and filtered in
the field. Samples were submitted to IEA for analysis (using CLP protocols where
appropriate) of COCs and the following geochemical parameters:

DOC;

sulfate;

sulfide;

major cations;
major anions; and
ferrous iron;

Unfiltered samples were also submitted to IEA for analyses of TOC, In addition, the
groundwater samples were analyzed in the field for pH, Eh, DG, temperature, and specific

conductance.

Samples of groundwater from MicroWells™ MC-11, MC-1D, and MC-3S were also
submitted to Brooks Rand for analysis of arsenic species, and to CDM'’s Denver,
Colorado laboratory for use in batch adsorption testing of pond and wetland sediment.
Groundwater from MC-1D was also sent to ES&E’s Gainesville, Florida laboratory for

use in biodegradation testing of pond and wetland sediment.

2.2.2 Groundwater Flow Gradients

The MicroWell™ clusters were also used, in conjunction with stream gauges installed in
the HBHA Pond and in the downstream wetlands at locations immediately adjacent to the
MicroWell™ clusters (Figure 1), to generate water-level elevation data needed to further
evaluate groundwater/surface water interactions and the direction(s) and magnitude of
vertical hydraulic gradients in the immediate vicinity of the HBHA Pond and the
downstream wetlands, This information was used, in turn, to calibrate the preliminary

groundwater flow model.
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The measuring point at each MicroWell™ and stream gauge was surveyed (using existing
Site control), and water levels were measured at each MicroWell™ and stream gauge on

May 1, 1997, during a period of relatively low precipitation.

2.2.3 Groundwater Modeling

The overall objectives of the SSI modeling effort, being performed by CDM, are to:
o quantitatively represent the key hydrogeological and geochemical processes
controlling fate and transport of COCs at the Site;

o help demonstrate the validity of the GSIP conclusions regarding COC fate and
transport by reproducing existing conditions;

s project future Site conditions; and

s identify data gaps and assist the design of additional field work as needed.

The modeling work is designed to be conducted in phases as new data are collected and
analyzed. The first modeling phase, which is documented in this report, entailed the
development of an initial groundwater flow model. Subsequent modeling work will build
on this initial model. Specific objectives of the initial flow model development included:

* investigation of flow paths and points of discharge for Site groundwater;,

e testing the sensitivity of the preliminary model to hydrogeologic variables (e.g.,
changes in hydraulic conductivity); and

s estimation of the rate of groundwater discharge to the HBHA Pond, to help assess the
assimilative capacity of the pond sediment.

The DYNFLOW modeling code, developed by CDM, was used for this study. Since
1980, DYNFLOW has been used in more than 150 groundwater modeling studies. It has
been applied at a number of Superfund sites and has been accepted as evidence in litigation
proceedings. The DYNFLOW code has also been reviewed and tested by the
International Groundwater Modeling Center (IGWMC, 1985).
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The governing equation for the three-dimensional groundwater flow that is solved by

DYNFLOW is:

- i1j=112|3

where the state variable ¢ represents the potentiometric head [L]; X represents the
hydraulic conductivity [LT"'] tensor; S, is the specific storativity (volume/volume/length),

[L]; x; is a cartesian coordinate and { is time.

DYNFLOW accepts various types of boundary conditions on the groundwater flow
systems, including;

s specified head boundaries (e.g., lakes, streams or other points of known head);
¢ specified flux boundaries (e.g., rainfall infiltration, well pumpage, no flow streamlines);

e rising water boundaries that are hybrid boundaries (i.e., specified head or specified flux
depending on system status), and

e “third type” boundaries, whereby a relationship between head and flux is defined (e.g.,
“general head” and river boundaries).

DYNFLOW can also simulate ponds as specified head boundaries in which a water
balance on the pond is performed to track the rise and fall of pond level with changing

inflow and outflow conditions in the groundwater system.

DYNFLOW uses a triangular element in plan view, which gives wide flexibility in grid
variation over the area of study. Within each level of the model, an identical grid is used,
but, the thickness of each model layer (vertical distance between [evels in the model) can

vary at each point in the grid

A description of the Site model grid, layering, construction, and calibration is provided in

Section 4.3,
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2.3 Work Element 3 - HBHA Pond Sediment Investigation

The HBHA Pond sediment (groundwater/surface-water interface) investigation included
evaluations of sediment geochemistry, adsorption capacity, and biodegradation capacity.
The data generated were used to evaluate the current and long-term environmental fate of
COCs as groundwater discharges to the HBHA Pond. The objective(s) and scope of each

component of the IBHA Pond sediment investigation are described in detail below.

2.3.1 Sediment Geochemistry

Sediment sarnples were collected by Roux Associates from two locations in the HBHA
Pond (Figure 1) in order to assess current geochemical conditions in pond sediment, and
to provide sediment for batch adsorption testing and biodegradation testing. At sampling
point SED-1, located at the northern end of the HBHA Pond, Roux Associates obtained
grab samples of both the black, fine-grained ooze (i.e., detrital sediment) and the
underlying sandy material (i.e., the aquifer matrix). At sampling point SED-2, located at
the southern end of the pond, only a sample of the black ooze could be obtained. Each
sediment sample was homogenized in the field and submitted to IEA for analysis (using

CLP protocols where appropriate) of COCs and the following geochemical parameters:

TOC,

hexavalent chromium;
total sulfir;

acid volatile sulfides:
pH; and

¢ Eh.

In addition, the three sediment samples collected from the HBHA Pond were also
submitted to Core Laboratories, Inc. (Core Labs) of Aurora, Colorado for analysis of
sulfur species. Samples of the black ooze from SED-1 were also sent to CDM’s Denver,
Colorado laboratory for batch adsorption testing, and to ES&E’s Gainesville, Florida

laboratory for biodegradation testing.
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Sediment from SED-1 was also analyzed by CDM using electron microscopy (EM) to
identify arsenic- and/or chromium-containing particles. The EM analyses were performed
by CDM on a JEOL 8600 Superprobe located at the University of Colorado in Boulder,
Colorado.  X-ray fluorescence (XRF) analyses were also conducted on sample
SED1 0-1.5 (black ooze) using a Spectrace TX-5000 EDXRF spectrometer located in
CDM’s Denver laboratory. Concentrations (mg/kg or ppm) were obtained for the
following 16 elements:

¢ Chromium

s Arsenic

e Lead

e Mercury
e Zinc

¢ Calcium

o Cadmium
« Barium

e Silver

e Titanium
» Manganese
e Iron

e Copper

» Nickel

e Antimony
e« (Cobalt

2.3.2 Adsorption Capacity

CDM conducted batch adsorption tests on the black ooze collected from SED-1 to
evaluate the adsorption capacity of the pond sediment. As discussed in Section 2.2.1,
groundwater collected by Roux Associates from MicroWell™ MC-11 was used to provide
the highest concentrations of arsenic, chromiumn, benzene, and toluene. However, in order
to provide high enough aqueous concentrations to saturate the sediment, it was necessary

to spike MC-11 with additional chromium and arsenic.

Batch tests were performed according to the procedures outlined in “Batch-Type

Procedures for Estimating Soil Adsorption of Chemicals” (U.S. EPA, 1992).
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Inorganic Parameters

Five batches for the arsenic tests and one batch for the chromium tests were prepared
using 500 mL nalgene bottles. The ratio of solution to soil for each batch was held

constant at 47 to 1 (mL:g).

For the arsenic tests, each of the five batches were prepared using 10-, 15~ 20-, 25-, and
30-milligram per liter (mg/L) arsenic solutions prepared using groundwater from

MicroWell™ MC-1T and reagent grade KHyAsO4 The chromium batch was prepared

separately to minimize interaction between the relatively high concentrations of chromium
and arsenic used in the tests. For the chromium batch tests, groundwater from

MicroWell™ MC-1I was spiked with CrCly+ 6H5O. The initial and spiked concentrations

for the batches are summarized below,

Arsenic Concentration Chromium
Batch Sample ID (mg/L) Concentration (mg/L)
1 SEDI1-10 10* 0.03
2 SED1-15 15 0.03
3 SED1-20 20 0.03
4 SEDI1-25 25 0.03
5 SEDI1-30 30 0.03
6 SEDI-Cr Not measured 3.1

*Numbers in bold represent spiked concentrations

A seventh batch containing no soil was prepared using the 25 mg/L arsenic solution (batch
4) in order to check the ICP lab analyses against the actual spiked concentrations.
Chromium was also measured in these solutions in order to obtain the initial chromium
concentrations in the sample from MC-1I. Based on arsenic analyses performed on
samples taken from these wells by Roux Associates, the initial arsenic concentrations (0.5
mg/L) were assumed to be insignificant compared to the spiked concentrations.

Therefore, no initial arsenic concentrations were measured.
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All samples were agitated in a rotary tumbler for 72 hours. Following tumbling the
samples were sent to Evergreen Analytical Laboratory (Evergreen) in Wheatridge,

Colorado for centrifugation, filtering and analysis of arsenic and chromium.

Organic Parameters

Five batches were prepared in 40 mL wials using varying soil to solution ratios and
constant concentrations of benzene and toluene. A summary of the soil to solution ratios

used is as follows:

Batch Soil Mass (grams) Solution Volume (ml.} Ratio (mL/g)
1 1 41 41:1
2 2 40 20:1
3 4 39 9.8:1
4 7 34 4.9:1
5 10 32 3.2:1

Based on previous analyses conducted on groundwater from MicroWell™ MC-11I

(collected by Roux Associates), no benzene spike was necessary for this test.

All batches were sealed tightly, placed in a rotary tumbler and agitated for 72 hours.
Following tumbling the samples were sent to Evergreen for analysis of benzene and

toluene. The samples were centrifuged prior to extraction.

2.3.3 Biodegradation Capacity

Biodegradation screening tests were performed by ES&E on a sample of HBHA Pond
sediment to evaluate the potential for microflora present in the pond sediment to
biodegrade benzene and toluene in groundwater discharging to the HBHA Pond. The
biodegradation tests were run on a sample of the black coze collected at SED-1 (northern
end of the pond). In addition, a sample of sterilized {(autoclaved) beach sand (i.e., with no

organic matter) was used as an abiotic control sample, since sufficient sample volume for
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an abiotic control could not be collected at SED-1. Groundwater from MicroWell™ MC-

1D was used to provide a source of benzene and toluene for the biodegradation screening

tests.

The two samples (SED-1 and the sand control) were thoroughly homogenized in their
original containers and aliquots of each sample were removed for moisture determination
and for analysis of pH and nitrate to determine if sediment conditions are optima! for
maintaining microbial activity. Replicate 6-gram portions of the samples (adjusted for
moisture content) were then placed in 40-mL amber glass vials, and labeled according to
sample number, replicate number, and day of testing (i.e., day 0, 2, 4, 7, or 14). Each vial
was then filled with 25 mL of groundwater from MC-1D (sufficient headspace was left in
each vial to maintain aerobic conditions), capped, and mixed. In addition, a groundwater
control sample was placed in empty (i.e., with no sediment) 40-mL vials with no
headspace, and labeled for analysis on day 0 and day 14. The water in the vials labeled for
analysis on day O were then analyzed for benzene and toluene, while the remaining wvials
were stored at ambient laboratory temperature for up to 14 days. Replicates of each
sample were sacrificed for chemical analysis of benzene and toluene (in the overlying
water) on days 2, 4, 7, and 14. In addition, the groundwater control sample was analyzed

for benzene and toluene on day 14.

2.4 Work Element 4 - HBHA Pond Surface-Water Investigation

The HBHA Pond surface-water investigation included an evaluation of surface-water
geochemistry and a determination of the residence time of surface water within the pond.
The objective(s) and scope of each component of the HBHA Pond surface-water

investigation is described in detail below.

2.4.1 Surface-Water Geochemistry

Surface-water samples were collected by Roux Associates from multiple horizons (i.e.,

shallow, intermediate, and deep) at two locations in the HBHA Pond and from a single
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horizon at one location in Hall’s Brook just upstream of its mouth at the HBHA Pond
(Figure 1) in order to assess current geochemical conditions in pond surface water, and to
evaluate the efficiency with which the pond sediment attenuate groundwater COCs as
groundwater discharges upward through the pond sediment. Two surface-water samples
(i.e., one filtered, one unfiltered) from each location/horizon were submitted to IEA for

analysis (using CLP protocols where appropriate) of COCs and the following geochemical

parameters:
» sulfate;
o sulfide;

e major cations;
s major anions; and
o ferrous iron.

One filtered sample from each location/horizon was also submitted to IEA for DOC
analyses, wkile one unfiltered sample from each location‘horizon was submitted for
analyses of TOC. In addition, all surface-water samples were analyzed in the field for pH,

Eh, DO, temperature, and specific conductance.

2.4.2 Surface-Water Residence Time

The residence time of surface water in the HBHA Pond was measured to evaluate how
long COCs discharged from Site groundwater may potentially reside in the pond.
Residence time was estimated by performing a dye study. Rhodamine dye was added to
Hall's Brook just upstream of its mouth at the HBHA Pond (ie., near surface-water
- sampling point SW-6, Figure 1), and a portable rhodamine dye detector was placed at the
outlet of the HBHA wetland (i.e., at the Mishawum Road outfall, Figure 1) to measure the
Gaussian distribution of the dye as it flowed out of the HBHA wetland and into the
~ Aberjona River. GSIP stream-flow data {Roux Associates, 1991) were then used to
determine the fraction of the total travel time (indicated by the dye) that represented

retention in the HBHA Pond.
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2.5 Work Element S - HBHA Wetland Investigation

The HBHA wetland investigation included evaluations of surface-water and sediment
geochemistry, the adsorption capacity and biodegradation capacity of wetland sediment,
and the residence time of surface water within the wetlands. The objective(s) and scope of

each component of the HBHA wetland investigation is described in detail below.

2.5.1 Surface-Water Geochemistry

Surface-water samples were collected by Roux Associates from single horizons at two
locations within the HBHA wetlands, and at one location in the Aberjona River just
downstream of the Mishawum road culvert (Figure 1). These samples were collected and
analyzed to assess current geochemical conditions in wetland surface water and to
evaluate the efficiency with which the HBHA Pond and wetlands retain Site-related
groundwater COCs once discharged into the pond. To accomplish this, two surface-water
samples (i.e., one filtered, one unfiltered) from each location were submitted to IEA for

analysis (using CLP protocols where appropriate) of COCs and the following geochemical

parameters:

e sulfate;

o sulfide;

e major cations;

s major anions; and

ferrous iron.

One filtered sample from each location was also submitted to IEA for DOC analyses,
while one unfiltered sample from each location was submitted to IEA for analyses of TOC.
In addition, all surface-water samples were analyzed in the field for pH, Eh, DO,

temperature, and specific conductance,

2.5.2 Sediment Geochemistry

One sediment core was collected by Roux Associates from each of two locations in the
HBHA wetlands (Figure 1) in order to assess current geochemical conditions in wetland

sediment, to assess vertical gradations in sediment geochemistry, and to provide sediment
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for batch adsorption testing and biodegradation testing. Each core was 2.5 feet long, and
was divided into five 0.5-foot subsamples. Each sediment subsample was homogenized in
the field and submitted to IEA for analysis (using CLP protocols where appropriate) of
COCs and the following geochemical parameters:

TOC,;

hexavalent chromium;
total sulfur;

acid volatile sulfides;
pH; and

Eh.

In addition, the sediment samples collected from the HBHA wetland were also submitted
to Core Labs for analysis of sulfur species. Sediment samples from SED-3 and SED-4
were also sent to CDM for batch adsorption testing, EM analysis, and XRF analysis.
Fine-grained sediment (i.e., the upper 1.5 feet) from SED-4 was composited and sent to

ES&E for biodegradation screening tests.

2.5.3 Adsorption Capacity

CDM conducted batch adsorption tests on the fine-grained sediment from the upper 0.5
foot of sample SED-3 to evaluate the adsorption capacity of these sediment.  As
discussed in Section 2.2.1, groundwater collected by Roux Associates from MicroWell™
MC-3S was used to provide a source of COCs. However, in order to provide high
enough aqueous concentrations to saturate the sediment, it was necessary to spike the
sample from MC-3S with additional benzene, arsenic and chromium. The testing
procedures employed (described in Section 2.3.2)) for the HBHA Pond sediment were
otherwise the same. The initial and spiked concentrations for the batches are summarized

below.
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Batch Sample ID Arsenic Concentration Chromium
(mg/L) Concentration (mg/L)
1 SED3-10 10* 0.01
2 SED3-15 15 0.01
3 SED3-20 20 0.01
4 SED3-25 25 0.01
5 SED3-30 30 0.01
6 SED3-Cr Not measured 34

*Numbers in bold represent spiked concentrations

2.5.4 Biodegradation Capacity

Biodegradation screening tests were performed by ES&E on a sample of wetland sediment
to evaluate the potential for microflora present in the wetland sediment to biodegrade
benzene and toluene in groundwater. The biodegradation tests were run on a sample of
wetland sediment collected at SED-4 (southern end of the wetland). In addition, a second
sample from SED-4 that was treated with mercuric chloride (to kill native microflora) was
used as an abiotic control sample. Groundwater from MicroWell™ MC-1D was used to

provide a source of benzene and toluene for the biodegradation screening tests.

The experimental design used to evaluate the biodegradation capacity of the wetland

sediment was identical to that used for the HBHA Pond sediment (see Section 2.3.3).

2.5.5 Surface-Water Residence Time

The residence time of surface water in the downstream wetlands (i.e., between the outlet
of the HBHA Pond and the outlet of the wetlands) was estimated using the same dye
study that was described in Section 2.4.2. GSIP stream-flow data (Roux Associates,
1991) were then used to determine the fraction of the total travel time (indicated by the

dye) that represented retention in the downstream wetlands.
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3.0 RESULTS OF SOURCE AREAS INVESTIGATION

The results of the various components of the source areas investigation (i.e., groundwater

geochemistry, soil geochemistry} are presented below,

3.1 Groundwater Geochemistry

As discussed in Section 2.1.1, five source-area groundwater samples were collected at the
Site using a Geoprobe™ in order to assess current source-area geochemistry. The source-

area samples and their associated suspected source areas are shown below,

e GW-1 - West Hide Pile

« GW-2 - Arsenic Pit

s GW-3/5 - East-Central Hide Pile
o GW-4 - South Hide Pile

Source-area groundwater geochemistry is discussed below. The discussion is separated
into two parts: the first dealing with COCs, and the second dealing with geochemical

indicator parameters. Source-areas groundwater quality data are provided in Appendix A,

3.1.1 COCs

COC concentrations in source-area groundwater are shown in Table 2 and are compared
to GSIP data in Figures 2 through 5 for benzene, toluene, arsenic, and chromium,

respectively.

As a whole, the SSI source-area groundwater data indicate that certain source-area COC
concentrations have decreased significantly since the GSIP (c. 1990 - 1992), particularly at
the East-Central hide pile and the Arsenic Pit. The concentrations and distribution of each

COC are discussed separately below.
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Benzene

Out of the five source-area groundwater samples, benzene was detected only in
groundwater sample GW-4, which was collected immediately downgradient of the South
Hide Pile (Figure 2). Sample GW-4 was collected from a depth of 41 feet below land
surface at the point where GSIP monitoring well OW-54C (screened from 40 to 45 feet
below land surface) was formerly located. The detection of benzene in sample GW-4 and
the concentration at which benzene was detected are both consistent with data developed

at OW-54C during the GSIP and during subsequent sampling events.

The absence of benzene in groundwater samples GW-1 (West Hide Pile) and GW-3 and 5
(East-Central hide pile) is also consistent with GSIP data. However, the absence of
benzene in groundwater sample GW-2 (Arsenic Pit}, which was collected from a depth of
12 feet below land surface at the point where GSIP monitoring well OW-43 (screened
from 4 to 14 feet below land surface) was formerly located, is not consistent with the
GSIP data for monitoring well OW-43. Benzene had been detected at a concentration of
518 ug/L in OW-43 during the GSIP. This suggests that the benzene source in this area
may have attenuated since the GSIP was completed in 1992, or that capping of the Site

following the GSIP has reduced benzene leaching and/or mobility.

Toluene

Toluene was detected in two of the five source-area groundwater samples: GW-3 (4 ug/L)
and GW-4 (50 ug/L). The detection of toluene in sample GW-4 (South Hide Pile) and
the concentration at which toluene was detected are both consistent with data developed
at OW-54C during the GSIP (Figure 3). The detection of toluene in sample GW-3 {East-
Central hide pile), which was collected from a depth of 23 feet below land surface near the
point where GSIP monitoring well OW-16 (screened from 15 to 35 feet below land
surface) was formerly located, is also consistent with historical groundwater quality data
for monitoring well OW-16. However, the low concentration (4 ug/L) detected in GW-3
is not consistent with the historical groundwater quality data for monitoring well OW-16,

where toluene had been detected consistently at concentrations exceeding 10,000 ug/L
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ever since the initial RT was conducted at the Site in 1983. This suggests that the toluene
source(s) in this area may have attenuated significantly since the GSIP was completed in
1992, or that capping of the Site following completion of the GSIP has reduced toluene

leaching and/or mobility.

The absence of toluene in groundwater samples GW-1 (West Hide Pile) and GW-2
(Arsenic Pit) is consistent with GSIP data. However, the absence of toluene in
groundwater sample GW-5 (East-Central hide pile), although not directly comparable to
any GSIP data point (i.e., the location of GW-5 has no analogous GSIP monitoring well),
is not consistent with data for GSIP monitoring well OW-39, located nearby. Toluene had
been detected at 140 ug/L in OW-39 during the GSIP. The toluene detection in OW-39
during the GSIP was related to the toluene source at OW-16, which, as discussed above,

appears to have attenuated significantly since the GSIP.

Arsenic

Arsenic was detected in all but one of the five source-area groundwater samples (Figure
4), which is consistent with GSIP groundwater quality data in that, during the GSIP,
arsenic was detected downgradient of most of the areas identified as suspected source
areas. The arsenic concentrations detected in samples GW-4 (South Hide Pile) and GW-5
(East-Central hide pile) were generally consistent with those detected in the respective
analogue wells (OW-54C and OW-39, respectively) during the GSIP. The arsenic
concentrations detected in samples GW-2 (Arsenic Pit) and GW-3 (East-Central hide
pile), on the other hand, were considerably lower than the arsenic concentrations detected
in the respective analogue wells (OW-43 and OW-16, respectively) during the GSIP
(c. 1990 - 1992), suggesting that the arsenic sources in these areas have attenuated stnce
the GSIP, or that mobility of the arsenic has been reduced through consumption of soluble
organic compounds (SOC) and/or through reduction in leaching resulting from site

capping following completion of the GSIP.
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Arsenic was not detected in sample GW-1 (West Hide Pile), which is not consistent with
GSIP (c. 1992) data for its analogue well, WP-5, where arsenic was detected at a
concentration of 869 ug/L. This also suggests that the arsenic source in this area has

attenuated, or arsenic mobility has been reduced since completion of the GSIP in 1992,

Chromium

Chromium was also detected in all but one of the five source-area groundwater samples
(Figure 5), which is consistent with GSIP groundwater quality data in that, like arsenic,
chromium was also detected during the GSIP downgradient of many of the areas identified
as suspected source areas. The chromium concentrations detected in samples GW-2
(Arsenic Pit), GW-4 (South Hide Pile), and GW-3 (East-Central hide pile) were generally
consistent with those detected in the respective analogue wells (OW-43, OW-54C, and
OW-39, respectively) during the GSIP. The chromium concentrations detected in sample
GW-3 (East-Central hide pile), on the other hand, was considerably lower than the
chromium concentrations detected in its respective analogue well (OW-16) during the
GSIP (c. 1990 - 1992), suggesting that the chromium source in this area has attenuated
since the GSIP was conducted, or that mobility of the chromium has been reduced through
consumption of SOC and/or through reduction in leaching resulting from site capping

following completion of the GSIP.

Chromium was not detected in sample GW-1 (West Hide Pile), which is consistent with

GSIP data for its analogue well, WP-5.

3.1.2 Geochemical Indicator Parameters

The breakdown of hide materials has been postulated (Roux Associates, 1991, 1992) to
result in a leachate containing DOC such as proteins and amino acids, which contain amine
groups. The hide pile leachate is more reducing than the Site groundwater, such that the

higher the influx of leachate, the more reducing the groundwater becomes.
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The source-area groundwater has Eh’s ranging between -47 and 269 mV, with a median
of 109 mV, and pHs from 4.1 to 7.7 with a median of 6.7. The Eh-pH conditions are
conststent with a mildly reducing environment. Source area Eh’s measured during the
GSIP (with the exception of the final sampling round data which have been determined to
be inaccurate) were all negative, ranging from -56.1 to -91.7 mV (see Table 3). These
conditions were significantly more reducing than the data collected during the SSI. The
species that are present in the groundwater, and the mobility of the COCs, are dependent
on the Eh-pH conditions. Spectfically, more arsenic and chromium are leached, and more

mobile forms as produced, by water with lower Eh’s.

The presence of ammonia reflects the mildly reducing conditions and the probable
breakdown of organically-bound nitrogen (amines). Under more oxidizing (i.e., higher
Eh) conditions, ammonia is oxidized to nitrite (NO7") and nitrate (NO37). The ammonia
concentrations detected during the SSI were considerably lower than the respective
concentrations detected during the GSIP (¢. 1990 - 1992) in the east centrai (2,300 mg/L
for OW-16 versus 115 mg/L in GW-5) and South Hide Piles (7,960 mg/L in OW-12
versus 1,270 mg/L in GW-4), indicating less hide pile leaching is occurring today than in

the early 1990s.

The source-area groundwaters are apparently not currently reducing enough to support
sulfide (82 species under equilibrium conditions, and no sulfide was detected in the Site
groundwaters during the SSI. However, up to 120 mg/L sulfide was measured during the
GSIP. The difference in sulfide between the GSIP (c. 1990 - 1992) and the current
investigation may be a result of diminished quantities of organic material available for

leaching.

Alkalinity values measured during the SSI ranged from 3.8 (Arsenic Pit) to 6,400 mg/L
(South Hide Pile). In the West Hide Pile, Arsenic Pit, and the East-Central hide pile, the
SSI alkalinity values are much lower than those measured during the GSIP (c.1990 -
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1992). For example, 2,030 mg/L alkalinity was measured in sample GW-3 as part of the
SSI, compared to 11,100 mg/L. measured during the GSIP (see Table 3).

SSI sulfate values ranged from less than 10 mg/L to 573 mg/L, compared to a range of
less than 5 mg/l. to 1,780 mg/L during the GSIP (c. 1990 - 1992). In some locations,
sulfate increased since the GSIP (GW-1, GW-5), while in others, sulfate decreased {(GW-
4). The more oxidizing conditions indicated by the SSI Eh/pH data probably cause the

increased sulfate concentrations.

Overall, total and ferrous iron concentrations were higher during the GSIP (c. 1990 -
1992) than during the SSI. This is consistent with the overall less-reducing conditions
observed during the SSI. During the SSI, ferrous iron ranged from <0.05 mg/L to 4.96
mg/L with a median of 2,11 mg/L. Under more oxidizing conditions, ferrous iron is
oxidized to ferric iron (Fe3+) which is very insoluble and forms an iron oxyhydroxide

precipitate at pHs greater than about 3. Therefore, at near neutral pH values essentially all
of the dissolved iron should exist as Fe2t, In some wells {such as GW-1 with only 50
percent ferrous iron), some ferric iron may be dissolved due to being complexed, probably

by organic ligands.

The TOC in the site groundwaters ranged from <I to 47.1 mg/L with a median value of
8.58 mg/L. The highest value (47.1) was measured at well GW-3, which is in the same
general location as well OW-16 from the GSIP, in which TOC values of 230, 2,730, and
2,770 mg/L ‘were measured (between 1990 and 1992). In the South Hide Pile, SSI TOC
was <1 mg/L (GW-4), compared to TOC values of 160 and 29 mg/L. for the GSIP
analogue well (OW-12). The decrease in TOC since the GSIP suggests a decrease in the
extent of hide pile leaching or the quantity of available organic matter at the hide piles

since the GSIP was completed in 1992,

The changes between the SSI data and the GSIP (c. 1990 - 1992) data for each area are

detailed in Table 3, while a summary of the differences are as follows:

WIMDOG626M10.106/R

29



East Central Hide Pile

Lower TOC and ammonia today indicate less hide pile leaching or less
available organic material than in the early 1990s.

Lower sulfide and higher suifate and Eh today indicate more oxidizing
conditions than in the early 1990s.

Lower TOC and the oxidizing conditions today result in lower arsenic
mobility and decreased amounts of organic-complexed arsenic than in the
early 1990s.

South Hide Pile

Lower TOC and ammonia today suggest less hide pile leaching or less
available organic material than in the early 1990s.

Lower sulfide and ferrous iron and higher Eh today indicate more oxidizing
conditions than in the early 1990s.

Lower TOC and the oxidizing conditions today result in lower arsenic
mobility and should be reflected in even lower arsenic concentrations in the
future than in the early 1990s.

West Hide Pile/Arsenic Pit

Lower alkalinity and pH and more oxidizing conditions today have resulted
in lower arsenic and higher tron concentrations than in the early 1990s.

Arsenic mobility is reduced today as result of lower pH and more oxidizing
conditions than in the early 1990s.

Arsenic and Chromium Speciation

The results of the arsenic speciation of the source-area groundwaters were as follows:

Sample ID Arsenic (V) Arsenic (I1I) Organic Arsenic
(pg/L) (pe/L) (ng/L)
GW-1 0.13 0.26 0.18
Gw-2 303 0.151 10.6
GW-3 279 136 2
Gw-4 421 57.4 101
GW-5 227 43.1 2.5
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The speciation data presented above were expressed as a percentage of the total arsenic

and plotted on pie diagrams, as shown in Figure 6.

The majority of the source area arsenic was in the form of arsenate (arsenic V), with the
exception of wells GW-1 and GW-5, which had higher fractions of the reduced forms of
arsenic, namely arsenite (arsenic III) and organic arsenic. In general, the wells with the
higher arsenic concentrations are characterized by arsenate. Because arsenate is less
mobile than the more reduced forms, it may be that the lower total arsenic concentration
groundwaters have undergone more attenuation that has disproportionately removed

arsenate.

Where comparisons were possible, the changes in speciation from the GSIP (c. 1990 -
1992) to the SSI were consistent with the less reducing conditions and less organic carbon
observed during the SSI. At OW-16 during the GSIP, the arsenic concentrations were
evenly divided (30%, 36%, and 34%) among arsenic III, arsenic V and organic arsenic.
At GW-3 during the SSI, arsenic concentrations were substantially lower and more arsenic
V (67 %) and less organic arsenic (less than 1 percent) was present. This dramatic change
in arsenic speciation was not observed at GW-4 (compared to the GSIP OW-12) but

should be observed in the future as organic carbon decreases and Eh increase.

Hexavalent chromium analyses were below detection limits (<50 ng/l.) for all samples
collected during the SSI. The only detections of chromium were in the form of trivalent
chromium. The data are consistent with the Eh-pH conditions of the Site groundwater.
Figure 7 is an Eh-pH diagram for chromium showing the stability fields for various
chromium sclid and aqueous phases. Plotted on the diagram are Eh and pH data from
groundwaters in the source areas (squares), the HBHA Pond (circles), and the wetland

areas (diamonds). None of the data fall within the hexavalent chromium field.

The source-area data appear to form a diagonal line across the diagram. A least squares

linear regression fit to the data results in a line with a slope of -0.150 (excluding GW-2,
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which had a pH of 4.1 and was considered an outlier). The theoretical slope for the iron
hydroxide - ferrous iron phase boundary is -0.177. Therefore, it is likely that the source
groundwaters are in equilibrium with iron hydroxide or an iron-chromium hydroxide solid-

solution phase.

3.2 Soil Geochemistry

As discussed in Section 2.1.2, Envirogen conducted a soil/hide-material column study
designed to simulate, in a controlled laboratory setting, the reducing groundwater
conditions previously indicated beneath the hide piles at the Site (Roux Associates, 1991,
1992), and to evaluate how such reducing conditions impact arsenic mobilization and
speciation. Results from the Envirogen column study are summarized in Table 4. Three
separate water samples were analyzed for this study including: (1) an initial influent water
sample, (2) zn initial effluent water sample taken before onset of lowered ORP conditions
in the test column, and (3) a final effluent water sample taken after the column had been
operating under reduced ORP conditions. These water samples were analyzed for arsenic
species including total arsenic, total inorganic arsenic, arsenic (1II), arsenic (V), and two
specific forms of organic arsenic, monomethyl- and dimethylarsenate. The background
groundwater (i.e., site water before being introduced into the test column) contained 4.2
ug/L of total arsenic, and approximately 56% of this (2.35 ug/l.) was inorganic arsenic in
the form of arsenic V and the remainder (44%) was in the form of an uncharacterized
organic complex. This observation corresponds well to the analysis of past site samples
that have shown there is a significant organic arsenic component in the groundwaters.
Monomethylarsenate was detected in the background sample at 0.01 ug/L, which was

near the detection limit for the analytical method used.

An initial effluent sample from the test column was collected when the eluate was free of
suspended particulates. However, this effluent was analyzed for arsenic concentration and
speciation before reducing conditions were established in the column, thus these data are

considered to be representative of hide pile conditions in the absence of highly reducing
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conditions. This initial effluent was measured to have dissolved oxygen levels at <1.0
mg/L and an ORP of +83.5 mV. Total arsenic in the initial effluent was measured at 473
ug/L. Approximately 81% of the arsenic leaching from the column (383 ug/L) was in the
form of inorganic arsenic and this was primarily in the form of reduced arsenic III. In this
initial effluent neither monomethyl nor dimethyl arsenate was detected (at detection limits
below 1.6 ug/L). The remaining 19% of the mobile arsenic was present as an
uncharacterized organic complex. Again, this observation corresponds well to the samples

at the site which suggest there is likely organic arsenic present.

Afler establishing highly reduced conditions in the column (representative of expected
system behavior in the presence of readily available SOC), the effluent exhibited an ORP
of -86 mV and the dissolved oxygen was undetectable at less than 1 mg/L. The amount of
arsenic leaching from the anaerobic column increased to 2,162 pg/L under these
conditions, which is comparable to the 2- to 3-mg/L range observed historically at the site.
There was no evidence that either monomethyl or dimethyl arsenic species were being
produced in this column (at the 1.6 ug/l detection limit) which again suggests that other
forms of organic arsenic are present. Of the arsenic eluting under anaerobic conditions,
only 37% (805 pg/L) was in the form of inorganic arsenic, with two-thirds of this present
as arsenic Il and one-third present as arsenic V. Approximately 63% of the leached

arsenic (1,357 pg/L) was in the form of an uncharacterized but likely organic complex.

Thus it appears that the reduced anaerobic conditions significantly increase the extent of
arsenic leaching from the test columns by more than quadrupling the amount of mobile
arsenic when compared to elevated redox conditions. It is significant that the extent of
arsenic mobility mimics the historical observations at the site to show that the expected
concentration of mobile arsenic would have been in the range of 2 to 3 mg/L. Thus the

following general conclusions can be made regarding the laboratory study:
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conditions that resulted in the release of mobile arsenic were successfully recreated in
this experiment;

arsenic was released at concentrations of 2 to 3 mg/L (which is the same range as
observed in the past at the site}, again suggesting the success of the study in mimicking
Site conditions in the past;

the majority of the arsenic release (87.7 %) was in the form of reduced arsemc I1I or in
the form of an organically-complexed arsenic species; and

as reducing conditions are lessened (e.g., through utilization of the soluble organic
carbon available in the hides) arsenic mobihization will be expected to be significantly
reduced.
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4.0 DOWNGRADIENT GROUNDWATER

The results of the various components of the downgradient groundwater investigation

(.e., groundwater geochemistry, flow gradients, modeling) are presented below.

4.1 Groundwater Geochemistry

As discussed in Section 2.2.1, three MicroWell™ clusters were installed adjacent to the
HBHA Pond and wetlands to evaluate downgradient groundwater conditions. Well
locations are shown in Figure 1. Downgradient groundwater geochemistry is discussed
below. The discussion is separated into two parts: the first dealing with COCs, and the
second dealing with geochemical indicator parameters. Downgradient groundwater

quality data are provided in Appendix A,

4.1.1 COCs

COC concentrations in downgradient groundwater are shown in Table 2, and are

compared to GSIP data in Figures 2 through 5.

As a whole, the downgradient groundwater quality data are consistent with the data
developed during the GSIP, and indicate that COC concentrations and distribution
downgradient of the Site have not changed significantly since the GSIP. The

concentrations and distribution of each COC are discussed separately below.

Benzene

Benzene was detected in all three MicroWells™ at the MC-1 cluster, located near the
northern end of the HBHA Pond (Figure 2). The highest benzene concentration (14,000
ug/L) was detected in the deep MicroWell™, screened just above the bedrock surface
(approximately 45 feet below land surface), while concentrations of 160 ug/L were
detected in both the shallow (i.e., water table) and intermediate MicroWells™ at the MC-1

cluster. These findings are consistent with data developed during the GSIP and
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subsequent sampling rounds for the OW-56 monitoring-well cluster, which was formerly

located where the MC-1 cluster was installed.

Benzene was not detected in any of the MicroWells™ in the MC-2 and MC-3 clusters,
located further downgradient along the HBHA Pond and wetlands (Figure 1). The
absence of benzene in these MicroWells™ is consistent with the GSIP data, which
indicated thet the benzene plume was discharging into the northern end of the HBHA

Pond and did not extend south of the pond.

Toluene

Toluene was detected only in the deep MicroWell™™ (MC-1D) at the MC-1 cluster, at a
concentration of 420 ug/L (Figure 3). The detection of toluene only in the deep part of
the aquifer near the northern end of the HBHA Pond, and the concentration at which it

was detected, are both consistent with GSIP data.

Arsenic

Arsenic was detected in the shallow and intermediate MicroWells™ at the MC-1 and MC-
2 clusters (lccated adjacent to the north and south ends of the HBHA Pond, respectively),
and in the shallow MicroWell™ at the MC-3 cluster (located adjacent to the downstream
wetlands).  As shown in Figure 4, no arsenic was detected in any of the deep
MicroWells™. (It is noted that arsenic was detected in a sample from MC-1D during
arsenic-speciation analyses.) These findings are generally consistent with the GSIP data,
with two minor exceptions. First, the maximum arsenic concentration detected during the
SSI (547 ug/L) was in the intermediate MicroWell™ at the MC-1 cluster, whereas during
the GSIP, tha maximum arsenic concentration (528 ug/L) had been detected in the shallow
monitoring well at the OW-56 cluster; and no arsenic had been detected in the
intermediate well at the OW-56 cluster. Secondly, the detection of arsenic in the shallow
MicroWell™ at the MC-3 cluster at a concentration of 164 ug/L is not consistent with

GSIP data, as arsenic had not been detected at concentration greater 50ug/L anywhere
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south of the HBHA Pond (Figure 4). The detection of arsenic south of the HBHA Pond is
likely attributable to a separate, downgradient arsenic source, including possibly

desorption of arsenic from adjacent arsenic-containing wetland sediment.

Chromium

Chromium was detected in all three MicroWells™ at the MC-1 cluster (northern end of the
HBHA Pond), as well as in the shallow MicroWell™ at the MC-3 cluster (south of the
HBHA Pond). As shown in Figure 5, the detection of chromium in all three MicroWells™
at the MC-1 cluster is consistent with the GSIP data for the OW-56 cluster, as are the
concentrations at which chromium was detected in the MicoWells™. However, during the
SS81, the maximum chromium concentration was detected in the deep MicroWell™,
whereas during the GSIP, the maximum chromium concentration was detected in the

intermediate well.

The detection of chromium at MC-3S (estimated concentration of 1.6 ug/L) is consistent
with GSIP data, which indicated that chromium was present at low levels in downgradient

groundwater southeast of the HBHA Pond.

4.1.2 Geochemical Indicator Parameters

The SSI data indicate near-neutral pH conditions in downgradient groundwater, and Eh
values from 99 to 288 mV. The pH values are similar to those obtained in the GSIP,
while the Eh values are significantly more oxidizing. For instance, SSI MicroWell™ MC-1
had Eh values of 99, 210, and 173 for the shallow, intermediate and deep wells
respectively, while GSIP well OW-17 had Ehs of -85, -25.3, -89.6 and 110 mV depending
on the sampiing date. The more oxidizing conditions of the downgradient groundwater
probably reflect the decrease in soluble organic material or hide pi]e'leaching observed at

the sources.
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The groundwater at MC-3 has similar Eh values as the HBHA Pond area groundwaters,
with Ehs of 133, 140, and 163 mV for the shallow, intermediate and deep wells,
respectively. Arsenic and iron were also higher in the SSI than in the GSIP. Well MC-3S
had an arsenic value of 164 pg/L compared to a high of 4.3 nug/L for GSIP well OW-33A.
The total iron in well MC-3 was 11.1, 9.04, and 10.4 mg/L for the shallow, intermediate
and deep wells, respectively. This compares to values of 0.048 and 0.031 mg/L for GSIP
well OW-33A.  Either the wetland groundwaters have become more reducing with
subsequent increased mobility of arsenic and iron over time, or the two well locations

(MC-3 and OW-33A) are too far apart to be comparable.

Arsenic and Chromium Speciation

The results or the arsenic speciation of the downgradient groundwater were as follows:

Sample [D Type Arsenic (V) Arsenic (11I) Organic
(pg/L) (ug/L) Arsenic
(pg/L)
MC-11 HBHA Pond 470 51.6 (3H*
MC-1D HBHA Pond 4.41 1.04 18.85
MC-38 Wetland 31.6 93.4 61

*indicates negative value obtained because total arsenic was less than inorganic arsenic

The speciaticn data presented above were expressed as a percentage of the total arsenic

and plotted on pie diagrams, as shown in Figure 6.

MicroWell™ cluster MC-1 had 90 percent arsenate in the intermediate depth well,
compared to only 18 percent in the deep well. The total arsenic in the deep well was only
24 ug/L. compared to 491 pg/L in the intermediate well. The high salinmity and organic
content of the deep well {DOC is 936 mg/L in the deep well compared to 55.6 mg/L in
the intermediate well and 14.6 in the shallow well) suggests that the deep water oniginated

from the hide piles, but that arsenic was attenuated due to transport through the aquifer.
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MicroWeli™ MC-38, which was completed just below the water table, had only 17
percent arsenate, and 83 percent reduced forms (50 percent arsenite and 33 percent
organic arsenic). The reduced form of arsenic probably reflects the high organic content
of the wetland, and, together with the results of the groundwater modeling, suggests that

the source of the arsenic in the wetland may be desorption from sediment.

The downgradient MicroWells™ in the vicinity of the HBHA Pond are represented on the
chromium Eh-pH diagram (Figure 7) by circles. Like the source area groundwater, all of
the data plot within the trivalent chromium field. The data appear to line up along the
vertical Cr(OH)j solid and aqueous Cr(OH)2+ field boundary. The data to the right of the
vertical field boundary in Figure 7 are either supersaturated with respect to chromium
hydroxide, or these waters contain a complex that is solubilizing and mobilizing chromium.
Additional evidence for an aqueous chromium complex will be presented in the batch

study section,

4.2 Groundwater Flow Gradients

As discussed in Section 2.2.2, water-level elevation data needed to further evaluate
groundwater/surface water interactions and the direction(s} and magnitude of vertical
hydraulic gradients in the immediate vicinity of the IIBHA Pond and the downstream
wetlands were collected from MicroWells™ installed adjacent to the pond and wetlands.
Water-level measurements were taken on May 1, 1997, during a period of relatively low

precipitation.

The water-level data developed for the three MicroWell™ clusters and the adjacent stream
gauges are provided in Table 5. As shown by these data, -groundwater elevations at all
three MicroWell™ clusters increase with depth of the wells (except between
MicroWells™ MC-11 and MC-1D), indicating that groundwater flow gradients are
upward at all three locations, These data are consistent with and support the GSIP

conclusion that vertical groundwater flow gradients are upward beneath the HBHA Pond.
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4.3 Groundwater Modeling

As discussed in Section 2.2.3, CDM began the initial development of a groundwater

hydrogeochemical model in order to:

» investigate flow paths and points of discharge for Site groundwater;

e test the sensitivity of the preliminary model to hydrogeologic variables (e.g., changes
in hydraulic conductivity); and

e estimate the rate of groundwater discharge to the HBHA Pond, to help assess the
assimilative capacity of the pond sediment.

4.3.1 Model Construction

The model area, shown in Figure 8, coincides with the extent of the buried valley aquifer
delineated in the Oxygen Injection Demonstration Work Plan (Roux Associates, 1995).
The southern model boundary is just north of Route 128, following a line of monitoring

well locations.

The finite element computational grid is shown in Figure 9. In plan view, the
computational grd includes 2,772 triangular elements and 1,553 nodes located at the
vertices of the triangles. Layer elevations, heads and fluxes are assigned or computed at
node points. Aquifer hydraulic properties are assigned to elements. Vertically, the model
is divided into six computational layers, defined by seven levels of nodes placed at the
layer boundary elevations at each plan view node location. In three-dimensions, the total

number of computational nodes is therefore 19,404 (2,772x7).

Stratigraphically, the model incorporates the outwash deposits of the buried valley aquifer,
and also the upper 25 feet of bedrock underlying the outwash. A typical model cross
section is shown in Figure 10. Hydraulically, flow in the bedrock is minor compared with
flow in the cutwash. Nevertheless, the upper portion of the bedrock is included in the
model so that any potential solute transport in the bedrock may be simulated. The

bedrock and outwash formations are each subdivided into muitiple computational layers to
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refine the simulation of groundwater flow paths. Additionally, a discrete layer of HBHA

Pond sediment was defined for some of the sensitivity simulations.

Base case hydraulic conductivities of 75 feet/day (horizontal) and 3.75 feet/day {vertical)
were assigned to the outwash. These values were based on aquifer test results reported in
the GSIP Phase 1 RI Final Report (Roux Associates, 1991) and model calibration, A
horizontal hydraulic conductivity of 0.5 feet/day was assigned to the bedrock based on
aquifer test results reported by other investigations in the region (Cherry, 1989;
GeoEnvironmental Consultants, 1983). A bedrock vertical hydraulic conductivity of 0.05

feet/day was assigned.

The elevation of the bottom of the outwash (top of bedrock) was specified as presented in
the Oxygen Injection Demonstration Work Plan (Roux Associates, 1995). In the southern
portion of the model area, beyond the area contoured by Roux Associates (1995) the
bottom of outwash was defined based on regional bedrock contours developed by
Ecology and Environment (1982). Contours of the model top of bedrock/bottom of

outwash are shown in Figure 11,

A uniform rate of recharge from precipitation equal to 17.5 inches/year was applied to the
model area. Additional recharge was specified at the model boundaries to represent
inflow to the Buried Valley Aquifer from adjacent uplands. The rate of model boundary
recharge was estimated based on the area directly tributary to boundaries, multiplied by
8.75 inches/year. Figure 12 shows the estimated watershed for the model area, and also
the portion of the watershed which topographic mapping indicates is directly tributary to
the model boundary, distinguished from the area which 1s tributary to a stream which runs

through the model area.

Model discharge was computed at streams, the HBHA Pond and the downgradient
(southern) boundary of the model, Specified heads were assigned based on water level

and topographic data to the top model level of nodes located along streams and the
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HBHA Pond. Along the southern model boundary, specified heads were assigned to all
model levels based on measured water levels in nearby monitoring wells. No well

pumping, or other specified discharge was assigned.

4.3.2 Initial Calibration and Parameter Sensitivity

Mode! simulated heads using a range of specified hydraulic conductivity and recharge
values were compared with measured heads at monitoring wells. Two measured head
distributions were targeted:

s average rneasured values at site monitoring wells for the 1990-1992 period, the most

recent available data for these wells; and

» heads measured in 1997 at the three newly installed micro-well clusters adjacent to the
HBHA Pond and downstream wetland.

Simulated base case water-table elevations are shown in Figure 13. The base case refers
to the model with specified hydraulic conductivity and recharge values listed above.
Figure 14 shows a comparison of simulated and measured 1990-1992 heads for the base
case. The agreement between measured and simulated heads is generally satisfactory, with
a mean difference of 0.36 feet and standard deviation of 1.24 feet. Figu-re 15 shows the
difference between simulated and measured heads at the new micro-well clusters for the
base case. Again, agreement between simulated and measured heads is reasonable. In

particular, the upward vertical gradient at the clusters is reasonably well represented.

A number of additional calibration simulations were made to test the sensitivity of model

results to changes in specified parameters. The sensitivity simulations incorporated:

» changes in specified horizontal and vertical hydraulic conductivity of the outwash;

» changes in the specified recharge rate;
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o application of a low specified hydraulic conductivity to the sediment (K, = 0.1
feet/day) at the base of HBHA Pond; and

» a change in the specified bedrock configuration and extent of the model east of the
HBHA Pond.
Figure 16 shows the model grid used for the revised bedrock/revised model extent
sensitivity case. In this case, the outwash aquifer is assumed to be continuous along the
east side of the model area, with no intrusion of bedrock/till as incorporated in the base
case model which uses the bedrock and aquifer delineation presented in the Oxygen
Injection Demonstration Work Plan (Roux Associates, 1995). For the sensitivity case, the
regional bedrock elevation contours developed by Ecology and Environment were applied.
The regional contours indicate a wider buried valley than the bedrock contours developed
for the site. The main objective of this sensitivity simulation was to see if the assumed

aquifer/bedrock configuration had a significant effect on simulated flow paths.

Calibration statistics for the sensitivity simulations are summarized in Tables 6 and 7. It
can be seen that none of the parameter changes had a major, site-wide effect on simulated
water levels. For the 1991-1992 water levels, the mean difference was increased to 0.33
by specifying low conductivity pond sediment, and was decreased to -0.93 by the
deepened drainway with ineffective lining, Changes in the specified hydraulic conductivity
of the outwash aquifer and changes in recharge rate had a lesser impact on simulated
water levels. Furthermore, if both hydraulic conductivity and recharge are increased by

the same proportion, or decreased proportionally, simulated heads equivalent to the base

case result.

Table 8 lists measured and simulated heads at the new MicroWell™ clusters for selected
sensitivity simulations, Table 8 shows that simulated heads at MicroWell™ clusters 1 and
2, which are adjacent to the HBHA Pond, increase relatively significantly above measured
levels when low conductivity pond sediment are specified. This is also indicated in Table
7. This result indicates that such a low hydraulic conductivity is probably unrealistic for

the pond sediment. Specifying vertical conductivity for the pond sediment equal to the
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vertical conductivity of the outwash aquifer provides a reasonable representation of the

nearby measured head distribution.

4.3.3 Simulated Discharge Fluxes

Simulated groundwater discharge is primarily to the Aberjona River, Halls Brook
including the HBHA Pond, and local tributary streams. There is also simulated discharge
across the southern mode! boundary. As shown in Table 9, discharge across the southern
boundary is less than 10 percent of total simulated discharge. Simulated groundwater
discharge to the HBHA Pond is also shown in Table 9. Excepting the low conductivity
pond sediment simulation which did not represent measured heads near the pond well, the
range of simulated flows is from [8,300 cubic feet per day (cfd) to 35,700 cfd. This
compares with an estimated rate of 41,500 cfd reported in the GSIP Phase 2 report (Roux
Associates, 1992) for October 4, 1991. The October 1991 period was somewhat wetter
than average, as indicated by historic streamflow measurements in the Aberjona River

(USGS 1990, 1991, 1992).

Table 10 lists measured and simulated flows at surface water measurement points for
October 4, 1991. The location of the surface water measuring points are shown in Figure
17. Simulated flows range from 18 to 59 percent of measured flows. This 1s consistent
with a model area approximately half the total watershed area and measurements taken

during a wetter than average period.

4.3.4 Simulated Flow Paths

Figures 18 to 24 show simulated groundwater flow paths. Flow vectors, particle tracks

and particle clouds are used to depict the flow paths.

Figure 18 shows vector arrows indicating simulated flow direction in the uppermost model
layer for the base case. The degree to which the flow is directed towards surface water

features is evident in this figure. Flow vectors for other model layers are very similar.
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Figure 19 shows simulated particle tracks started at suspected source areas. Each particle
track indicates the mean simulated flow path through the aquifer from a given starting
point. The results indicate flow towards, and discharge to the north end of the HBHA
Pond from all of the starting locations except the West Hide Pile. Simulated flow from the
West Hide Pile discharges to the New Boston Street Drainway, a tributary of Hail’s Brook
and the HBHA Pond.

Simulated particle tracks for the sensitivity simulations incorporating varied hydraulic
conductivity of the outwash aquifer or varied recharge rate are essentially the same as
shown in Figure 19 for the base case. Figure 20 shows that with pond sediment specified
with an unrealistically low hydraulic conductivity, based on comparison of simulated and
measured heads near the pond, discharge from the South and East-Central Hide Pile areas

is to the HBHA Pond, or to Hall’s Brook where it discharges to the pond.

Simulated flow vectors and particle tracks for the revised bedrock sensitivity simulation
are shown in Figures 21 and 22 respectively. In this simulation, flow paths from the East
Central Hide Pile area trend somewhat further south compared with the base case, but

discharge 1s still to HBHA Pond.

Figure 23 shows a cloud of simulated particles started at different times from the East
Central Hide Pile area. The trajectory of the particles includes dispersion with a
longitudinal dispersivity of 30 feet and a lateral dispersivity of 3 feet, as well as advection
with the base case mean groundwater flow path. The particle cloud is therefore
representative of a solute plume starting in the vicinity of the East Central Hide Pile.
Simulated discharge of these particles is to the north end of HBHA Pond. The same

simulated particle cloud is shown in cross section in Figure 24.

4.3.5 Transient Simulation of Recharge From Streams/Pond

Normally, groundwater discharges to streams and ponds at this site. However, the

streams and pond may temporarily recharge the groundwater during and after a period of
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increased rainfall. This is because surface water levels respond more quickly to rainfall
than groundwater levels. Such a condition was simulated to estimate transport distances

into the aquifer which could result due to recharge from streams and ponds.

The initial condition for this simulation was defined by the base case steady state
simulation. Simulated stream and pond levels were then raised instantaneously by 2 feet,
Groundwater flow was simulated in transient mode for 60 days following the increase in
surface water levels. The groundwater recharge was doubled during the transient

simulation to represent wet conditions,

During the simulation, groundwater levels rose in response to the increased stream/pond
levels. For a period less than 30 days, groundwater recharge from surface water
continued. After that, groundwater levels had increased sufficiently that groundwater
again discharged to surface water (Figure 25). During the simulation the maximum
transport distance of water recharged from the HBHA Pond was less than 10 feet before
flow returned back towards the pond. It is therefore considered unlikely that significant
aquifer contamination can result from transient recharge of pond or water back to the

aquifer.

4.3.6 Initial Modeling Conclusions

The following conclusions may be drawn from the initial groundwater modeling efforts
described above:
o for all simulation cases, Site groundwater discharges to the HBHA Pond or to the

New Boston Street Drainway ( a tributary of Hall’s Brook and the HBHA Pond),

« simulated groundwater flow paths are not sensitive to changes in model hydraulic
parameters (K and recharge);

e simulated groundwater flow paths are somewhat sensitive to assumed bedrock
configuration, but points of discharge are not significantly changed;
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s HBHA Pond sediment will not likely act as a significant hydraulic barrier to
groundwater discharge to the pond; and

e transient recharge of pond or wetland water would be unlikely to result in any
significant recontamination of the aquifer.

The first four conclusions are significant in that they support the GSIP conclusion that the
COC plumes discharge to the HBHA Pond, and do not underflow or circumvent the pond.
Thus, they also support the conclusion that the arsenic concentration detected at
MicroWell™ cluster MC-3 does not appear to be attributed to a source at the Site. The
last conclusion is also significant in that it indicates that the arsenic detected at the MC-3
cluster does not appear to be attributable to transient recharge of pond or wetland water

back to the aquifer,
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5.0 HBHA POND SEDIMENT

The results of the various components of the HBHA Pond sediment investigation (i.e.,
sediment geochemistry, adsorption capacity and biodegradation capacity) are presented
below. These results were used to project the long-term attenuation capacity of the

HBHA Pond sediment,

5.1 Sediment Geochemistry

As discussed in Section 2.3.1, sediment samples were collected from two locations in the
HBHA Pond, (Figure 1) in order to assess current geochemical conditions in pond
sediment. Two samples {black ooze and underlying sand) were collected from the
northern end of the pond, while only a sample of the black coze was obtained from the
southern enc of the pond. Sediment geochemistry is discussed below, with the discussion
being separated into two parts; the first dealing with COCs, and the second dealing with

geochemical indicator parameters. Sediment-quality data are provided in Appendix B.

5.1.1 COCs

COC concentrations in HBHA Pond sediment are shown in Table 11 and in Figures 26
through 31. As a whole, the SSI pond sediment data appear to be generally consistent
with GSIP data, indicating that COC concentrations and distribution in the pond sediment
have not changed significantly since the GSIP. The concentrations and distribution of

each COC are discussed separately below.

Benzene

Benzene was detected in all three sediment samples collected from the base of the HBHA
Pond (Figures 26 and 27). The highest benzene concentration (4,100 micrograms per
kilogram [ug/kg]) was detected in the sample of the black ooze collected in the northern
end of the pond (i.e., SED-1, 0-1.5 ft.), where the benzene groundwater plume discharges.

An order-of-magnitude difference in benzene concentrations was observed between the
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black ooze samples collected in the northern and southern ends of the pond, and a two-
order-of-magnitude decrease in benzene concentration was observed between the black

ooze and the underlying sandy sediment (aquifer matrix) in the northern end of the pond.

These findings are all consistent with GSIP data, as shown in Figures 26 and 27.

Toluene

Toluene was detected at low concentrations (2 and 14 ug/kg, respectively) in the deeper,
sandy sample (aquifer matnx) collected from the northern end of the HBHA Pond (SED-
I, 1.5-2.5 1) and in the sample of the black ooze collected in the southern end of the
pond (SED-2, 0 - 1.5 ft.). Toluene was not detected in the sample of the black ooze
collected from the northern end of the HBHA Pond (SED-1, 0 - 1.5 ft.).

The presence of toluene in HBHA Pond sediment, albeit at very low concentrations, is not
consistent with GSIP data. No toluene was detected in the pond sediment during the

GSIP (Figure 26).

Arsenic

Arsenic was detected in all three sediment samples collected from the base of the HBHA
Pond (Figures 28 and 29). The highest arsenic concentration (1,390 milligrams per
kilogram [mg/kg]) was detected in the sample of the black ocoze collected in the northern
end of the pond (SED-1, 0 - 1.5 f.), although the arsenic concentration in the black ooze
at the southern end of the pond (1,270 mg/kg) was not significantly lower. An almost
two-order-of-magnitude difference in arsenic concentrations was observed, however,
between the black ooze and the underlying sandy sediment (aquifer matrix) in the northern

end of the pond.

The detection of arsenic in the sediment at the base of the HBHA Pond and the almost
two-order-of-magnitude difference in concentrations detected in the black ocoze and

underlying sand {aquifer matrix} in the northern end of the pond are consistent with GSIP

WIMOQOGE826M10.106/R

49



data (Figure 28 and 29). The similarity between the arsenic concentrations detected in the
northern and southern ends of the pond during the SSI is consistent with the GSIP Phase 2
RI data (Figure 29), but not with the GSIP Phase 1 RI data, which indicated that arsenic
concentrations in the northern end of the pond were considerably greater than those in the

southern end of the pond (Figure 28).

Chromium

Chromium was detected in all three sediment samples collected from the base of the
HBHA Pond (Figures 30 and 31). The highest chromium concentration (1,060 mg/kg)
was detected in the sample of the black coze collected in the northern end of the pond
(SED-1, 0 - 1.5 ft), although the chromium concentration in the black ooze at the
southern end of the pond (711 mg/kg) was not significantly lower. An almost two-
order-of-magnitude difference in chromium concentrations was observed, however,
between the black ooze and the underlying sandy sediment (aquifer matrix) in the northern

end of the pond.

These findings are all consistent with GSIP data (Figures 30 and 31).

5.1.2 Geochemical Indicator Parameters

A summary of the results of the X-ray fluorescence analyses on sample SEDI1- 0-1.5

follows:

Parameter Concentration (mg/kg)
Arsenic 1,352
Chromium 546
Iron 143,550

The complete analysis of the 16-element XRF analyses can be found in Appendix C. As
discussed in the previous section, laboratory concentrations measured by CLP methods

were 1,340 and 1,060 mg/lg for arsenic and chromium, respectively. Comparison of these
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data with the XRF results suggests that chromium may not be uniformly distributed within
the sample. Prior to the batch tests and XRF analyses, samples were further homogenized
to obtain representative samples. Typically, homogenization does not occur in the
analytical laboratories. Given the heterogenecous nature of soils and the small samples
(less than one gram) used by the laboratories, differences in metal concentrations are

typically observed. The XRF results will be used to calculate adsorption isotherms.

The forms of sulfur in the sediment samples were as follows:

Sample ID Pyritic (mg/kg) | Organic {mg/kg) | Sulfate (mg/kg) | Total (mg/kg)
SEDI 0-1.5 0.1 4,73 0.39 5.22
SEDI 1.5-2.5 0.01 0.07 0.01 0.08
SED2 0-1.5 0.24 341 0.23 3.88

The most abundant form of sulfur is organically bound, followed by pyritic. The total
sulfur and organically bound sulfur are higher in the surface samples (black ooze) than at
depth (sand), and are also higher at the HBHA pond than in the wetland (see Section
7.2.2). The sulfur forms reflect the conditions of the environment (e.g., organic-rich ooze)
mote so than the initial source of the sulfur. For instance, the sulfur in the HBHA pond

area could have originated as sulfate or sulfide, but was later altered to other forms.

5.1.3 Electron Microscopy

The arsenic occurred in two forms; adsorbed onto the surfaces of iron containing
minerals, such as biotite mica and pyroxene grains, and either adsorbed onto or
coprecipitated with iron containing sulfate precipitates. No examples of arsenic-bearing
grains were found that did not also contain iron, An example of both arsenic associations
is shown in photomicrograph 1 (see Appendix D). The biotite grains, which are identified
by their composition and platy habit, contained about 0.2 percent arsenic, while the iron

sulfate contained 6.4 percent arsenic. Photomicrograph 2 is a "dot map" of the same

frame showr in photomicrograph 1, which shows the arsenic concentration represented by
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white dots. The higher the arsenic concentration, the higher the density of the dots. The
mass of dots in the upper left corner of the frame is the iron sulfate grain, while the lighter
accumulations of dots represent the biotite grains. Photomicrographs 3 and 4 show iron
sulfates with about 2 percent arsenic. The iron sulfates may have formed prior to the
arsenic entering the system, in which case the arsenic would have been adsorbed; or

alternatively, the arsenic and iron sulfates may have precipitated at the same time.

Based on experiments conducted by Pierce and Moore (1982) in which arsenate was
adsorbed onto a pure iron hydroxide, the maximum concentration of arsenic that can be
adsorbed is about 3.4 percent. As will be discussed in the batch study section, adsorption
capacity has been shown to be proportional to the iron percentage of the material
Considering that the iron sulfate is not pure, and that pure iron sulfate only contains about

37 percent iron compared to 53 percent for Fe(OH)3, the adsorption capacity would be

expected to be at least 30 percent less (37 percent/53 percent = 0.7) than for a pure iron
hydroxide. Therefore, the maximum arsenic concentration adsorbed onto an iron sulfate
would be about 2.35 percent (3.4 percent * 0.7 = 2.35 percent). In order to have an iron
sulfate containing in excess of 2.35 percent (such as the grain shown in photomicrograph

1), at least some of the arsentc must have been coprecipitated with the iron sulfate.

Chromium was present in the sample, but it could not be located during the EM scan.
Apparently, the chromium distribution was not uniform, and the one gram EM sample

represented a low chromium portion of the bulk sample.

The results of the EM analyses (e.g., grain counts, analytical results, etc.) are provided in

the data sheets provided in Appendix D.
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5.2 Adsorption Capacity

As discussed in Section 2.3.2, CDM conducted batch adsorption tests to evaluate the

adsorption capacity of the HBHA Pond sediment. The results of the tests for each of the

COCs is presented separately below.

Arsenic

The results of the batch adsorption study for arsenic were as follows:

Sample Soil Solution | Initial Solution | Final Solution | Initial Soil* Final Soil
D Mass Volume | Concentration | Concentration | Concentration | Concentration
(grams) | (ml) (mg/L) (mg/1.) (mg/kg) (mg/kg)
SED1-10 10 469 10 03 1,352 1,804
SED1-15 10 474 i5 0.23 1,352 2,051
SED1-20 10 474 20 0.57 1,352 2,280
SEDI1-25 10 471 25 0.54 1,352 2,508
SED1-30 10 472 30 0.71 1,352 2,726

* Measured by XRF by CDM

Final soil concentrations (x/m) were calculated by mass balance using the following

equation:

Where:
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As shown in the above calculation, batch studies include all mechanisms of arsenic
removal. Even though the term “adsorption” is used, all removal mechanisms including
adsorption, precipitation, and coprecipitation are quantified, and the calculated capacity
should be viewed as a combination of all removal mechanisms. However, a batch study is
a closed system, unlike the real system where aqueous components can be replenished.
For instance, in the batch study, once all of the dissolved iron and suifate has been
precipitated, coprecipitation of arsenic will no longer occur. In the real system, where the
iron and sulfate can be replenished, coprecipitation may continue indefinitely, assuming the

environmental conditions remain favorable.

When the final (equilibrium) solution concentration is plotted against the final
(equilibrium) soil concentration a diagram called an isotherm results. The data conform to

the Langmuir Adsorption Model, which is represented by the following equation;

X (K + Ap)y*C

m 4K *Am
Where
x/m = The equilibrium soil arsenic concentration in mg/kg
C = The equilibrium solution arsenic concentration in mg/L
K, = The Langmuir adsorption constant in mg/L
A,, = The maximum arsenic adsorption capacity of the solid in mg/kg

Langmuir isotherms are based on the assumption that there are a finite number of
adsorption sites, resulting in a maximum adsorption that is possible on the sorbent surface.
This s represented on the isotherm by the adsorption curve becoming more “flat”. Curves
will fit through the actual data by varying the constants until the best visual match is

observed.
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When the HBHA pond sediment data are fitted to the Langmuir model as shown in Figure
32, an A, of 3,350 mg/kg and a K of 5 mg/L is obtained. Note that as the maximum

adsorption capacity of the soil (A, ) is approached (i.e., where the curve begins to flatten

out), the partitioning of arsenic into solution increases relative to the soil concentration.

Once AM is reached, all of the available adsorption sites for arsenic are saturated (i.e.,

filled), and any additional arsenic added to the system will not be adsorbed, resulting in

increased concentrations in the solution.

The results obtained are consistent with the findings of Pierce and Moore {1982), who

calculated a i of 0.065 mg/L and an A, 0f34,014 mg/kg for arsenate adsorption at pH 7

onto pure iron hydroxide. As previously discussed (Section 5.1.3), the EM results
indicate that arsenic adsorption onto the pond sediment is limited to iron-bearing minerals,
Because the pond sediment is also composed of many non iron-bearing sediment, they
would be expected to have lower adsorption capacities than a pure iron hydroxide
adsorbent. Livesey and Huang (1981) found that the arsenate adsorption capacity of a
sediment is proportional to the iron concentration of the sediment. Figure 33 is a plot of
the percentage of iron versus the arsenic adsorption capacity of various adsorbents (soils
or sediment). The HBHA pond (14.3 percent Fe) and wetland (6.6 percent Fe) data were
plotted along with literature values obtained from Pierce and Moore (1982) for a pure

Fe(OH)3 (53 percent Fe), and Livesey and Huang (1981) for a black clay (1.5 percent Fe).

The data fit the following power function with a squared correlation coefficient (+2) of

0.99:

An = 57(Fe%)1-55
Using the equation above, the adsorption capacity of a soil or sediment can be estimated
given the percentage of iron in the material. However, the relationship is based on only

four points, and is lacking data in the 20 to 50 percent iron range. Additional studies on

post-batch adsorption sediment with the EM may provide adsorption capacities for
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individual minerals such as biotite which can contain up to 33 percent iron, depending on

the degree of magnesium substitution,

Chromium

The results of the chromium adsorption study were as follows:

Sample Soil | Solution Initial Final Solution | Initial Soil* Final Soti}
ID Mass | Volume Solution Concentration | Concentration | Concentration
(grams) | (mL) | Concentration (mg/L) {mg/kg) (mg/kg)
(mg/L)
SED1-10 10 469 0.03 0.04 546 545.5
SEDI1-Cr 10 512 3.1 0.04 546 701
* Measured by XRF by CDM

As shown in the table above, the final chromium concentration in both batches analyzed
was 0.04 mg/L; despite the two-order-of-magnitude difference in initial solution
concentrations. Unlike the arsenic isotherms, the equilibrium chromium concentration in
solution does not increase with the soil concentration (see Figure 34). The isotherm
instead forms a vertical hine that is characteristic of a precipitation control on aqueous
chromium concentrations. The final chromium concentrations in solution reflect the
solubility of the chromium phase that is precipitating or dissolving. Therefore, the
solubility of the chromium precipitate is 0.04 mg/L. in the HBHA Pond sediment. Based
on the work of numerous investigators published in the literature (Matzat and Shiraki
1978; Hem 1977, etc.) and on previous experience by CDM (CDM 1988; CDM 1995,
etc.), trivalent chromium in nature is controlled by chromium oxyhydroxide precipitates,
often in solid-solution with iron. However, the solubility of pure chromium hydroxide is
only 0.002 mg/L at pH 7, and even lower for an iron-chromium hydroxide solid-solution
phase. The higher than expected chromium concentrations suggest that chromium ions
are being complexed, possibly by organic ligands. This organic complex may be

responsible for the mobility of chromium at the Site.
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Solubility control on chromium indicates infinite potential for the pond sediment to

attenuate chromium down to the 0.04 mg/L level as long as the Eh and pH conditions are

maintained.

Benzene

The results of the benzene batch studies are provided in the following table:

Sample Soil Solution | Initial Solution | Final Solution Final Soil
D Mass Volume Concentration | Concentration | Concentration
(grams) | (mL) (mg/L) {(mg/L) (mg/kg)
SED1-1 1 41.5 4.8 4.9 -4.0
SEDI1-2 2 40.7 4.8 4.2 11.9
SED1-4 4 38.6 438 4.0 7.6
SED1-7 7 342 4.8 3.0 8.8
lSED]-]D 10 317 4.8 2.6 6.9

Initial soil concentrations were assumed to be zero due to the drying and homogenization

processes.

The resulting benzene isotherms for the HBHA pond sediment are presented in Figure 35,

The best-fit Langmuir isotherm through the data result in an A, of 19 mg/kg and a K of

0.5 mg/l.. However, the curve does not go through the origin, but instead intercepts the
Solution Concentration axis at about 0.7 mg/L.. This implies that an addition of 0.7 mg/L
of benzene to a clean (i.e., containing no benzene) pond sediment would result in no
adsorption. Clearly, such a situation is not possible. One possible explanation is that
benzene escaped from the VOA bottles via headspace loss. When the batches were
prepared there was no headspace; however, following agitation air trapped within the pore
spaces of the soils formed about a 5 mL headspace in the bottles. Another possible
explanation is that the data should be fit to a linear isotherm rather than a Langmuir;

however, such a fit results in a low correlation coeflicient.
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Assuming that volatilization losses are responsible for the non-zero intercept and that the
volatilization losses  were uniform among all 5 batches, the data can be corrected by
moving the adsorption curve until it goes through the origin. When the curve is moved up

6 mg/kg, an A, of 25 mg/kg is obtained (see the dashed curve in Figure 35). Note that K,

remains the same because the shape of the curve was not altered.

Toluene

The results of the toluene batch testing for the HBHA pond sediment are provided in the

following table;

Sample ID | Soil Mass Solution | Initial Solution | Final Solution Final Soil
(grams) Volume | Concentration | Concentration | Concentration-
(mL) (mg/L) (mg/L) x/m (mg/kg)

SEDI-1 1 41.5 0.19 0.16 1.2
SED1-2 2 40.7 0.19 0.15 0.8
SED1-4 4 38.6 0.19 0.11 0.7
SEDI1-7 7 34.2 0.19 0.09 0.5
SEDI1-1C 10 317 0.19 0.04 0.4

The isotherm for the HBHA pond sediment is shown in Figure 36, The data appear to fit

a linear isotherm, with a Kp of 7.7 L/kg. The correlation coefficient (r*) was 0.83.

A linear isotherm implies that the adsorption capacity is infinite. Obviously this is not the
case. When a linear isotherm is fit to a set of data it represents only the best fit through
that piece of the data. The straight line actually represents a small portion of a larger
curve such as a Langmuir. The flat portion of the Langmuir curve is only revealed when a
big enough spike is added to the solution to result in saturation of the soil. The batches in
which linear isotherms resulted was for water in which no spike was added (i.e., toluene

for the pond) or where the spike concentration was too low (i.e., benzene for the

wetlands).
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5.3 Biodegradation Capacity

As discussed in Section 2.3.3.,, ES&E performed biodegradation screening tests to
evaluate the potential for microflora present in HBHA Pond sediment to biodegrade
benzene and toluene in groundwater discharging to the HBHA Pond. Baseline
characterization of the HBHA Pond sediment indicated that pH and moisture conditions m
the pond sediment are within the optimal range for in-situ aerobic microbial degradation.
A slight increase in pH (from 7.2 to 7.4) was also noted over the course of the 14-day

biodegradation experiment, which is consistent with microbial activity.

Considerable losses of both benzene (approximately 77 percent) and toluene
(approximately 82 percent) were measured in the HBHA Pond sediment (SED-1) over the
14-day experiment (Table 12, Figures 37 and 38). However, similar losses (i.e., 76 and 86
percent) were also noted in the sand control, which suggests that the reductions in
benzene and toluene concentrations observed in the pond sediment sample may be
attributable more to abiotic processes (e.g., volatilization, partitioning to sediment) than
to microbial degradation. Since the experimental design did not include sampling of
headspace and/or sediment benzene/toluene concentrations, the relative importance of the

various removal mechanisms could not be evaluated.

1t is also possible that biodegradation by microbial populations present in the groundwater
from MC-1D may account for some of the benzene and toluene losses observed in the
sana control. This hypothesis is supported by the observed loss of some benzene
(8 percent) and toluene (16 percent) in the groundwater control sample (Table 12), which
contained no sediment onto which benzene and/or toluene could adsorb, and no headspace
into which benzene and/or toluene could volatilize. However, since no microbial plating
or analyses for benzene or toluene metabolites (e.g., benzoic acid) was performed on the

sand control, it is not possible to confirm this hypothesis.
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5.4 Projection of Long-Term Attenuation Capacity of HBHA Pond Sediments

Given the following input parameters, the effective adsorption “lifetime” remaining for the

HBHA Pond sediment can be calculated:

Parameter Value Source
Groundwater inflow into HBHA Pond 0.48 cfs Roux Associates, 1992
Average arsenic concentration 120 pg/L MC-1 and MC-2

Remaining Sediment Adsorption 3,350-1,390 = 1,960 SEDI10-1.5
Capacity mg/kg*
Sediment Density 1.1 g/cm3 Roux Associates, 1992
Sediment Volume 7,400 m3 Roux Associates, 1992

*The remaining sediment adsorption capacity is the difference between the total
adsorptior: capacity (An) and the concentration of arsenic that has already adsorbed onto
the sediment.

The lifetime calculation follows:

Inflow Mass

(0.48 ﬂ3/sec‘) (86,400 sec/day) (7.48 gal./ﬁ3) (3.79 L/gal.) (120 pg/L)
= 1.4 x 108 pg/day = 141,000 mg/day

Adsorption Capacity
(1,960 mg/ke) (1 kg/1,000 g) (1.1 g/cm3) (100 cm/m)3 (7,400 m3)

= 1.6 x 1010 mg arsenic

Lifetime

(1.6x 1010 mg arsenic) / (141,000 mg/day * 365 days/yr) = 310 yr

WMO06E26M10.106/R
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A similar calculation performed for benzene resulted in a lifetime of 0.2 years.

The assumptions intherent in the above calculation follow:
o uyniform distribution of contamination (water and sediment);
¢ representative samples of HBHA and Wetland sediment;
¢ uniform adsorption (no preferred paths);
e no new sediment is added,
¢ volume of sediment is accurate;
o groundwater inflow is accurate; and

e no other attenuation mechanisms (besides adsorption).
The above assumptions were made to simplify the calculations, and in most cases are
conservative in nature. The validity and impact of each assumption are discussed in detail

in the following paragraphs:

Uniform Distribution

Average values were used for the concentrations of arsenic and benzene in the
groundwater, assuming these average concentrations were present within all inflowing
groundwaters. However, in reality, some groundwaters are higher in arsenic and benzene,
and some lower. Theoretically, pond sediment receiving higher-concentration
groundwater could become saturated with arsenic or benzene sooner than predicted, while

other areas would last longer.

The sediment was also assumed to have a uniform adsorption capacity, which implies that
the soil is uniform in terms of the existing arsenic concentrations and the concentration of

arsenic-adsorbing iron minerals.
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Representative Sediment Samples were Collected

Only one sample was tested for adsorption capacity. The representative nature of the
results should be determined by testing other samples to determine the wvariation in

adsorption capacity.

Untform Adsorption

The pond sediment can be described as a gelatinous ooze that is mostly water. The high
water content and lack of compaction would suggest that adsorption would tend to be

uniform (no channeling).

No New Sediment is Added

Three inlets (Hall's Brook, the Atlantic Avenue Drainway and an unnamed drainage near
well MC-1) enter the HBHA Pond. All of the inlets have the potential for depositing new
sediment into the pond, especially during storm events. Any new sediment would add
more adsorption capacity and increase the adsorption lifetime. Therefore, this is a

conservative assumption.

Volume of Sediment

The sediment volume was calculated from the sediment thickness and area data collected
during the GSIP Phase 2 in RI 1991/1992. The volume of the pond sediment may have
increased over the past 5 or 6 years due to sediment inflow from the inlets. A larger

sediment volume would result in a longer lifetime than predicted above. Therefore, this is

a conservative assumption.

Groundwater Flow

The groundwater flow was calculated based on a water balance calculation performed as
part of the Oxygen Injection Demonstration Work Plan (Roux Associates, 1995). An

overestimate of flow would result in an underestimate of the sediment lifetime and vice

versa.
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Other Attenuation Mechanisms

The calculated “adsorption capacity” includes the removal mechanisms of adsorption,
precipitation, and coprecipitation. This approach for arsenic is probably valid; however,
benzene and toluene are subject to other attenuation mechanisms, such as volatilization

and biodegradation. Therefore, the lifetime estimate for benzene is understated.

In addition to other mechanisms occurring, competition for adsorption sites should be
evaluated. Because actual groundwater was used in the batch tests, competition between
arsenic and other ions such as phosphate or selenate should already be accounted for.
Should conditions change such that higher concentrations of phosphate or some other
competing ion are introduced into the pond or groundwater in the future, the adsorption
capacity of the sediment will be decreased. However, such an occurrence is not

anticipated.
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6.0 HBHA POND SURFACE WATER

The results of the various components of the HBHA Pond surface-water investigation

(i.e., surface-water geochemistry and residence time) are presented below.

6.1 Surface-Water Geochemistry

As discussed in Section 2.4.1, multi-level surface-water samples (i.e., shallow,
intermediate, and deep) were collected from the northern and southern ends of the HBHA
Pond, and & single surface-water sample was collected from Hall’s Brook immediately
upstream of the pond (Figure 1). These data were collected to assess current geochemical
conditions in pond surface water and to evaluate the efficiency with which pond sediment
attenuate groundwater COCs as they discharge vpward through the pond sediment.
Surface-water geochemistry is discussed below, with the discussion being separated into
two parts: the first dealing with COCs, and the second dealing with geochemical indicator

parameters. Surface-water quality data are provided in Appendix E.

6.1.1 COCs

COC concentrations in HBHA Pond surface water are shown in Table 13 and in Figures
26 and 39 through 43. In general, the SSI surface-water data for the HBHA Pond are
consistent with GSIP data, indicating that COC concentrations and distribution at the
HBHA Pond have not changed significantly since the GSIP. The concentrations and

distribution of each COC are discussed separately below.

Benzene

Benzene was detected only in the intermediate and deep surface-water samples (both
filtered and unfiltered) collected from the southern end of the HBHA Pond (SW-2). No
benzene was detected in the shallow sample collected at the southern end of the pond, nor
in any of the samples collected at the northern end of the pond (SW-1) or in Hall’s Brook
immediately upstream of the pond (SW-6). The benzene concentration detected in the

deep sample from the southern end of the pond (57 ug/L, filtered) was an order of
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magnitude greater than the benzene concentration detected in the intermediate-depth
sample (6 ug/L, filtered). However, as similar concentrations were detected in both the
filtered and unfiltered samples at both horizons, the benzene is not thought to be

associated with suspended sediment near the base of the pond.

The detection of benzene in surface water at depth in the southern end of the HBHA pond
and the concentration at which benzene was detected are consistent with GSIP data
(Figure 39). The absence of benzene in shallow surface water at both ends of the pond is
also consistent with GSIP data (Figure 26). The absence of benzene at depth in the
northern end of the pond, however, does not appear to be consistent with GSIP data,
since benzene was detected at a concentration of approximately 1,300 ug/L in surface
water immediately above the sediment-water interface during the GSTP Phase 2 RI (Figure
39) and because the benzene groundwater plume appears to be discharging to the northern

end of the HBHA Pond.

Toluene

Toluene was detected at low concentrations (1 to 2 ug/L, estimated) in all of the surface-
water samples (both filtered and unfiltered) collected from the HBHA Pond during the
SSI. The data seem questionable at first review due to the consistency of the low
concentrations detected, and may reflect laboratory contamination or instrumentation
problems. However, no obvious data-quality deficiencies (e.g., contaminated lab or field
blanks) were noted, and no toluene was detected in several other surface-water samples
(e.g., SW-6, collected from Hall’'s Brook just upstream of the HBHA Pond) analyzed

along with the HBHA Pond samples. Therefore, the data are considered valid.

The presence of toluene in HBHA Pond surface water is not consistent with GSIP data

(Figure 26} as no toluene was detected in the pond during the GSIP.
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Arsenic

Arsenic was detected in all six of the unfiltered surface-water samples collected from the
HBHA Pond. However, in the filtered samples, only the two deep (SW-IDF and SW-
2DF) and one of the intermediate-depth samples (SW-1IF) contained detectable
concentrations of arsenic. At both the northern and southern ends of the pond, the highest
arsenic concentrations were detected in the deep samples, with the concentration in the
southern end of the pond (34 ug/L, filtered) being somewhat higher than that in the
northern end of the pond (18 ug/L, filtered). No arsenic was detected in Hall’s Brook just
upstream of the HBHA Pond.

The detection of arsenic in surface water in the HBHA Pond is consistent with GSIP data
(Figure 40). Moreover, the concentrations detected in the deep samples are generally
consistent with the concentrations detected immediately above the sediment-water
interface during the GSIP Phase 2 RI (Figure 41), and confirm that the arsenic

groundwater plume is discharging to surface water at the pond.

Chromium

Chromium was detected in all six of the unfiltered surface-water samples collected from
the HBHA Pond. However, in the filtered samples, only the two deep (SW-IDF and SW-
2DF) and one of the intermediate-depth samples (SW-2IF) contained detectable
concentrations of chromium, and all of these were below quantitation limits. Chromium
was also detected in the unfiltered sample collected from Hall’s Brook just upstream of

the HBHA Pond, but was not detected in the filtered sample.

The detection of low concentrations of chromium in unfiltered samples of surface water
from the HBHA Pond is consistent with GSIP data (Figure 42). The presence of low

concentrations of chromium in filtered samples of deep surface water is also consistent

with GSIP data (Figure 43).
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6.1.2 Geochemical Indicator Parameters

In general, the surface waters of the HBHA Pond have a higher Eh, and lower ferrous and
total iron values than groundwater. The data are consistent, in that surface waters are in
contact with atmospheric oxygen, which tends to raise the Eh, oxidize the ferrous iron to
ferric, and precipitate Fe(OH);. The HBHA Pond surface water collected near the bottom
of the pond has more groundwater type characteristics, such as higher concentrations of
ferrous iron (SW-1D and SW-28) and Eh values as low as 132 (SW-1D) reflecting the

findings of the modeling that Site groundwater is flowing into the pond.

6.2 Surface-Water Residence Time

As discussed in Section 2.4.2, the residence time of surface water in the HBHA Pond was
measured to evaluate how long CQOCs discharged from Site groundwater may potentially
reside in the pond. Residence time was estimated by performing a dye study. A
concentration-versus-time curve for the rhodamine dye injected into Hall’s Brook just
upstream of its mouth at the HBHA Pond is provided in Figure 44. As shown by the
curve, rhodamine dye was detected by the portable rhodamine-dye detector placed at the
outlet of the downstream wetlands within several hours of injection. (According to
ES&E, some of the dye detected before 500 minutes is attributable to residual dye in the
detector.} The maximum concentration was detected between approximately 900 and
1,000 minutes (15 to 16.5 hours) afler injection. Assuming that the time at which the
maximum concentration of dye passes the detector represents the average travel time of
the dye (and associated suff'ace water), the average residence time of surface water in the

HBHA Pond and wetlands combined is approximately 15 to 16.5 hours.

The portion of the combined pond/wetland residence time that represents residence in the
HBHA Pond was estimated by comparing theoretical travel times calculated for both the
HBHA Pond and the downstream wetlands to the total theoretical travel time for the pond
and wetlands combined. Theoretical travel times were calculated by dividing the total

length of each surface-water segment (i.e., from the mouth of Hall’s Brook to the pond
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outlet [BOO feet] for the pond segment, and from the pond outlet to the wetland outlet
[3,000 feet] for the wetland segment) by the flow velocity measured along each segment
during the GSIP. Flow measurements from GSIP surface-water gauging station SW-9
(0,02 feet per second) and SW-11 (0.01 feet per second) were averaged to obtain an
average flow velocity for the HBHA Pond, while the flow measurement from SW-13
(0.26 feet per second) was used for the downstream wetlands. The resulting theoretical
travel times, 14.8 hours and 3.2 hours (which together approximate quite closely the dye-
estimated travel time of 15 to 16.5 hours), were compared to the total theoretical travel
time for the pond and wetlands combined to calculate the percentage of the total travel
time that represents residence in each segment. Based on the percentage of the total travel
time that represents residence in the HBHA Pond (i.e., 82 percent), the average residence

time of surface water in the HBHA Pond is estimated to be between 12.3 to 13.5 hours.
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7.0 HBHA WETLAND

The results of the various components of the HBHA wetland investigation (i.e., surface-
water and sediment geochemistry, sediment adsorption and biodegradation capacity, and

surface-water residence time) are presented below.

7.1 Surface-Water Geochemistry

As discussed in Section 2.5.1, surface-water samples were collected from three locations
downstream of the HBHA Pond (Figure 1) in order to assess current conditions in wetland
surface water and to evaluate the efficiency with which the HBHA Pond and wetlands
retain Site-related groundwater COCs once discharged into the pond. Surface-water
geochemistry is discussed below in two parts: the first dealing with COCs, and the second
dealing with geochemical indicator parameters. Surface-water quality data are provided in

Appendix E.

7.1.1 COCs

COC concentrations in surface water in the HBHA wetlands are shown in Table 13, and in
Figures 26, 40, and 42. In general, the SSI surface-water data for the wetland are
consistent with GSIP data, indicating that COC concentrations and distribution in wetland
surface water have not changed significantly since the GSIP. The concentrations and

distribution of each COC are discussed separately below.

Benzene
Benzene was detected (4 ug/L, estimated) only in the filtered sample at SW-5, located
downstream of the wetland outlet (i.e., downstream of the confluence with the Aberjona

River). The absence of benzene in the wetland surface-water samples is consistent with

GSIP data (Figure 26).
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Toluene

Toluene was detected at low concentrations (1 to 2 ug/L, estimated) in the filtered and
unfiltered samples collected just downstream of the mouth of the HBHA Pond (i.e., at
SW-3), but in none of the samples collected further downstream. The general absence of
toluene in downstream wetland surface water is consistent with the GSIP data (Figure 26).
The detection of toluene in surface water in the upstream reaches of the HBHA wetland,
on the other hand, is not consistent with GSIP data. However, toluene has been detected
at low concentrations (i.e., less than 10 pg/L) in surface water in the upstream reaches of
the HBHA wetland during several post-GSIP surface-water monitoring events. A copy of
the most recent HBHA surface-water monitoring report (July 1997) is provided in

Appendix F.

Arsenic

Arsenic was detected at low concentrations (approximately 10 to 15 pg/L) in all three of
the unfiltered surface-water samples collected from the HBHA wetland, but in none of the
filtered samples. Therefore, the arsenic detected in the unfiltered samples is likely

associated with suspended sediment being transported to the wetland via surface water.

The detection of low concentrations of arsenic in unfiltered surface water in the HBHA
wetland is consistent with GSIP data (Figure 40). The absence of arsenic in the filtered
samples is not consistent with the GSIP data, as low levels (less than 10 ug/L) of arsenic
were also detected in the filtered samples collected during the GSIP. This suggests that

less dissolved arsenic was present in surface water during the SSI than during the GSIP.

Chromium

Chromium was detected at low concentrations (less than 5 ug/L) in all three of the
unfiltered surface-water samples collected from the HBHA wetland, but in none of the
filtered samples. Therefore the chromium detected in the unfiltered samples is likely

associated with suspended sediment being transported to the wetland via surface water.
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The detection of low concentrations of chromium in unfiltered surface water in the HBHA

wetland, but not in filtered samples, is consistent with GSIP data (Figure 42).

7.1.2 Geochemical Indicator Parameters

The wetlands surface waters (SW-3, SW-4, and SW-5) have very similar characteristics to
the shallow pond waters. The pH ranged from 6.24 to 7.56 for the wetland surface water
compared to a range of 6.1 to 6.83 for the pond surface waters. The Eh values were also
similar, with most waters having an Eh of about 300 mV. The total iron values were
similar in both the pond (shaliow) and the wetland surface waters. Apparently, the
wetland surface water is derived from the shallow portion of the pond, and/or the shallow
pond and wetlands have a similar source of water inflow (i.e., precipitation) or similar
geochemical environments. The chemical data do not support a Site groundwater source

to the wetlands, which is in agreement with the groundwater modeling results.

7.2 Sediment Geochemistry

As discussed in Section 2.5.2, 2.5-foot long sediment cores were collected from three
locations in the downstream wetlands (Figure 1) in order to assess current geochemical
conditions in wetland sediment and to assess vertical gradations in sediment geochemistry.
Wetland seciment geochemistry is discussed below in two parts: the first dealing with
COCs, and the second dealing with geochemical indicator parameters. Sediment-quality

data are provided in Appendix B.

7.2.1 COCs

COC concentrations in HBHA wetland sediment are shown in Table 11. In general, the
SSI sediment data for the wetland are consistent with GSIP data, indicating that COC
concentrations and distribution in the wetland sediment have not changed significantly

since the GSIP. The concentrations and distribution of each COC are discussed separately

below.
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Benzene
Benzene was not detected in any of the sediment samples collected in the HBHA wetland.

This is consistent with GSIP data (Figure 26).

Toluene

Toluene was detected at very low concentrations (2 ug/kg) in three of the ten wetland
sediment samples. In the upstream location (SED-3), toluene was detected in the
uppermost two horizons (0 to 0.5 foot and 0.5 to 1 foot), while toluene was detected in
the deepest horizon (2.0 to 2.5 feet) in the downstream sample. As discussed in Section
6.1.1, it is possible that the toluene detections represent a laboratory artifact, as the low
concentrations are consistent with the level of contamination reported for many of the

surface-water samples, However, these toluene detections currently appear valid.

The detection of toluene in wetland sediment is not consistent with GSIP data, as toluene

had never been detected in wetland sediment previously (Figure 26).

Arsenic

Arsenic was detected in all ten sediment samples collected in the HBHA wetland. Arsenic
concentrations detected in the downstream samples (SED-4) are over an order of
magnitude higher than those detected in the upstream samples (SED-3). This disparity is
attributed to the different characteristics of the samples, which in turn is a reflection of the
differences in sampling locations: SED-4 was a generally silty sample collected in a
quiescent ponded area, while SED-3 was a sandier sample collected adjacent to a fast-
moving channel. Since metals such as arsenic adsorb readily to fine-grained sediment,
which are more abundant in the SED-4 core, such a trend is expected. Similarly, at both
sampling locations, the arsenic concentrations detected in the upper, silty part of the cores
are also much higher than those detected in the lower, sandy part. However, within a
given sediment type (i.e., silt or sand), no trend was observed with depth in the cores. In
fact, at SED-4, which contained between 1.5 and 2 feet of fine-grained sediment, the

maximum arsenic concentration was detected in the 1- to 1.5- foot interval.
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The detection of arsenic in HBHA wetland sediment and the concentrations at which
arsenic was detected are both consistent with GSIP data (Figure 28). No data were
developed for deeper horizons in the wetland during the GSIP, however, so no direct

comparison to GSIP data can be made.

Chromium

Chromium wvas also detected in all ten sediment samples collected in the HBHA wetland.
As was the case with arsenic, chromium concentrations detected in the downstream
samples (SED-4) are over an order of magnitude higher than those detected in the
upstream samples (SED-3), and chromium concentrations detected in the upper, silty part
of the cores are also much higher than those detected in the lower, sandy part. This
disparity is again attributed to the affinity of metals for fine-grained sediment, which are
more abundant at SED-4 than at SED-3, and in the upper part of both cores. In addition,
the maximum chromium concentration was also detected in the 1- to 1.5~ foot interval at

SED-4, just as it was with arsenic.

The detection of chromium in HBHA wetland sediment and the concentrations at which
chromium was detected are both consistent with GSIP data (Figure 30). As was the case
with arsenic, no data were developed for deeper horizons in the wetland during the GSIP,

however, so no direct comparison to GSTP data can be made.

| 7.2.2 Geochemical Indicator Parameters

The forms of sulfur in the wetlands sediment samples were as follows:

Sample ID Pyritic (mg/kg) | Organic (mg/kg) | Sulfate (mg/kg) | Total (mg/kg)
SED3 0-0.5 0.04 0.16 0.01 0.2
SED3 0.5-1.0 0.01 0.01 0.01 0.01
SED3 1-1.5 0.01 0.01 0.01 0.01
SED3 1.5-2 0.01 0.01 0.01 0.01
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Sample ID Pyritic (mg/kg) | Organic (mg/kg) { Sulfate (mg/kg) | Total (mg/kg)

SED3 2-2.5 0.01 0.02 0.01 0.02

SED4 0-0.5 6.03 0.08 0.01 0.11
SED4 0.5-1.0 0.01 0.01 0.01 0.01
SED4 1.0-1.5 0.01 0.01 0.01 0.01
SED4 1.5-2.0 0.01 0.02 0.01 0.03
SED4 2.0-2.5 0.03 0.01 0.01 0.01

Like the HEHA Pond sediment, the most abundant form of sulfur ts organically bound,
followed by pyritic. However, the concentrations are very low, except the surface samples
(0-0.5 feet) which may represent a more organic-rich material. The surface samples,

however, have much lower concentrattons than those from the HBHA Pond.

7.2.3 Electron Microscopy

SED4 - 1-1.5 and SED4 - 1.5-2

The wetlands samples were characterized by arsenic adsorbed onto iron minerals. Unlike

the HBHA pond sediment, iron sulfates were not identified. Arsenic adsorption occurred
exclusively onto iron minerals such as biotite, amphiboles or pyroxenes. In some cases,
arsenic-bearing biotites (iron-bearing mica) were identified next to muscovite (non iron-
bearing mica), with no detectable arsenic. Photomicrographs 5, 6, and 7 Appendix D are
examples of biotite grains with adsorbed arsenic, while photomicrographs 8 and 9
Appendix D show iron-bearing silicate minerals such as pyroxene or amphiboles

containing about 0.15 percent arsenic.
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7.3 Adsorption Capacity

Arsenic

The results of the batch adsorption study for arsenic were as follows:

Sample Soil Solution | Initial Solution | Final Solution Initial Soil* Final Seil
D Mass Volume | Concentration | Concentration | Concentration | Concentration
(grams) | (mL) (mg/L) (mg/L (mg/kg) (mg/kg)
SED3-10 10 469 10 03 113 567
SED3-15 10 465 15 0.24 113 782
SED3-20 10 475 20 0.38 113 1,060
SED3-25 11 448 25 0.65 113 1,149
SED3-30 10 453 30 5.3 113 1,223

* Measured by XRF 4/27/97 in CDM's Denver Laboratory

Like the HBHA Pond sediment, the data conform to the Langmuir Adsorption Model (see

Figure 45). When the HBHA wetland sediment data are fitted to the Langmuir model as

shown in Figure 45, an Ay of 1,500 mg/kg and a K, of 5 mg/L was obtained.

Chromium

The results of the chromium adsorption study were as follows:

Sample Soil Solution Initial Final Solution | Initial Soil* Final Soil
ID Mass | Volume Solution Concentration | Concentration | Concentration
{grams) | (ml) | Concentration (mg/L (mg/kg) (mg/kg)
(mg/L)
SED3-10 10 469 0012 0.018 107 106.7
SED3-Cr 10 515 34 0.018 107 278

* Measured bv XRF 4/27/97 in CDM's Denver Laboratory

In the wetlands batch in which the initial chromium concentration was 0.012 mg/L,

chromium increased to produce a final solution concentration of 0.018 mg/L (see Figure

46). In the batch containing an initial chromium spike of 3.4 mg/L, chromium decreased
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to a final concentration of 0.018, Chromium appears to be controlled by a precipitate with

a solubility of 0.018 mg/L.

Solubility control on chromium indicates infinite potential for the wetlands sediment to

attenuate chromium down to about 0.02 mg/L as long as the Eh and pH conditions are

maintained,

Benzene

The results of the benzene batch studies were as follows:

Sample ID Solil Solution | Initial Solution | Final Solution Final Soil
Mass Volume | Concentration Concentration Concentration

(grams) | (mL) (mg/L) (mg/L) {mg/kg)
SED3-1 1 42 2.6 23 13.2
SED3-Z 2 42 2.6 2.0 12.8
SED3-4 4 42 26 2.0 6.5
SED3-7 7 40 2.6 t.5 6.4
SED3-19 10 39 26 1.5 4.4

The resulting benzene isotherm for the wetland sediment is presented in Figure 47. The

isotherm appears to be linear, but as for the HBHA Pond sediment, the x intercept is not

zero. Moving the curve up 8.9 mg/kg results in a linear isotherm with a Kp (stope) of 9.5

L/kg. The correlation coefficient (r’) was 0.65.

Toluene

Note that toluene was not present in the MC-38 groundwater and was not spiked,

therefore, no isotherm was calculated for toluene in the wetland sediment.
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7.4 Biodegradation Capacity

Baseline characterization of the wetland sediment indicated that pH and moisture
conditions in the wetland sediment are within the optimal range for in situ aerobic
microbial degradation. A moderate increase in pH (6.6 to 7.4) was also noted over the
course of the 14-day biodegradation experiment, which is consistent with microbial

activity.

Considerable losses of both benzene (approximately 83 percent) and toluene
{approximately 92 percent) were measured in the wetland sediment (SED-4) over the 14-
day experiment (Table 12, Figures 37 and 38). Slightly lower, but still notably high, losses
(approximately 75 and 76 percent, respectively) were also noted for the abiotic control,
suggesting that the reductions in benzene and toluene concentrations observed in the
wetland sediment sample may be attributable in part to abiotic processes (e.g.,
volatilization, partitioning to sediment) as well as to microbial degradation. As was the
case with the pond sediment (SED-1), the experimental design did not include sampling of
headspace and/or sediment benzene/toluene concentrations, and the relative importance of
the various removal mechanisms could not be ascertained. In addition, since no microbial
plating or analyses for benzene or toluene metabolites (e.g., benzoic acid) was performed
on the abiotic control sample, it is not possible to evaluate whether biodegradation by
microbial populations present in the groundwater from MC-1D may account for some of

the benzene and toluene losses observed in the abiotic control sample.

7.5 Surface-Water Residence Time

As discussed earlier in Section 3.4.2, based on the concentration-versus-time curve for the
rhodamine dye injected into Hall's Brook just upstream of its mouth at the HBHA Pond
(Figure 44), the average residence time of surface water in the HBHA Pond and wetlands
combined is approximately 15 to 16.5 hours. As was done for the HBHA Pond (Section
3.4.2), the portion of the combined pond/wetland residence time that represents residence

in the downstream wetland was estimated by comparing theoretical travel times calculated
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for both the HBHA Pond and the downstream wetlands to the total theoretical travel time
for the pond and wetlands combined. Based on the percentage of the total travel time that
represents residence in the downstream wetland (i.e,, 18 percent), the average residence

time of surface water in the downstream wetland is estimated to be between 2.7 to 3.0

hours.
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8.0 SIGNIFICANT CONCLUSIONS OF THE SUPPLEMENTAL SITE
INVESTIGATION

Based on the findings of the various work elements conducted during the SSI, the
environmental fate and transport conclusions set forth in the GSIP have been updated and
expanded. Those expanded conclusions are presented below in a “source-to-sink™
fashion, beginning with the mobilization of COCs at the source areas, then describing the
current and long-term fate and transport of the COCs as they migrate in groundwater
away from potential source areas and to the HBHA Pond, where they are attenuated by

HBHA Pond sediment as groundwater discharges into the HBHA Pond.

COC Release Mechanisms in Source Areas

Based on the data developed during the GSIP and the SSI, it appears that the stockpiling
of anaerobically-decaying hide residues atop arsenic- and chromium-containing soils
during development of the Site in the late 1970s resulted in the creation of environmental
conditions facilitating the mobilization of arsenic and chromium from the Site soils.
Specifically, groundwater and precipitation percolating through the anaerobically-decaying
hide residues is reduced through contact with the decaying hide residues. The reduced
groundwater then infiltrates the arsenic- and chromium-containing soils underlying the
hide piles, leaching arsenic and chromium from the soils, largely in the more mobile,
reduced forms of these metals (e.g., arsenic 11l and organically-complexed arsenic and
chromium compounds). The extent to which arsenic and chromium are leached from the
metals-containing soils, and the forms of arsenic and chromium present in the leachate, are
controlled by the oxidation-reduction potential of the infiltrating water, as demonstrated
by Envirogen’s column study. Specifically, more arsenic and chromium are leached, and

more mobile forms are produced, by water with lower oxidation-reduction potentials.

Presently, the source-area groundwater appears to be less strongly-reducing than it was
during the GSIP, which was conducted between 1990 and 1992 Specifically, Eh
conditions mzasured at source areas during the SSI increased compared to Eh’s measured

in source-area groundwater during the GSIP. This increase in oxidation of the source-
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area groundwater appears to be the result of one of two factors, or perhaps a combination

of the two:

* site remedial measures (e.g., capping of the Site) implemented since completion of the
GSIP in 1992 have reduced the amount of precipitation that infiltrates through the hide

residues; and/or

e the amount of organic material available for leaching has decreased (via consumption)
since the GSIP, which was conducted between 1990 and 1992,

As would be expected based on the results of Envirogen’s column study, the less reducing
conditions present at the hide piles today appear to have resulted in less leaching of arsenic
and chromium, and the production of generally less mobile forms of these metals.
Specifically, arsenic and chromium concentrations detected during the SSI are generally
less than those detected during the GSIP (c. 1990 - 1992), particularly at the West and
East-Central Hide Piles, and at the Arsenic Pit. In addition, the majority of the source-

area arsenic is now present in the oxidized, less mobile arsenic V form.

In addition to the arsenic and chromium sources, potential benzene and toluene source
areas were also identified during previous investigations, These source areas include the

following;

e a potential benzene source area located northeast of the South Hide Pile and directly
south of Atlantic Avenue; and

e a potential toluene source area located near the southeast corner of the East-Central
Hide Pile.
Despite extensive investigation during the 1980s and early 1990s using geophysical
methods, soil borings, and temporary monitoring wells, no significant area of benzene soil
contamination was ever found. Moreover, GSIP data, along with other data developed
during the early 1990s, indicated that a benzene “hot spot” had migrated away from the
potential benzene source area northeast of the South Hide Pile to an area adjacent to the
northern end of the HBHA Pond. Benzene concentrations at the South Hide Pile and near

the HBHA Pond appear to be generally the same today as they were during the GSIP.
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Toluene concentrations at the East-Central Hide Pile, on the other hand, appear to have
decreased significantly since the GSIP (c. 1990 - 1992), suggesting a reduction in the
strength of the toluene source in that area, or a reduction in leaching of the source area

due to Site remedial measures completed since the GSIP.

Fate and Transport of COCs Downgradient of Source Areas

Once COCs have entered into the groundwater, their migration is governed by the
groundwater flow regime at and downgradient of the Site. This groundwater flow regime
is, in turn, controlled by surface-water features and the geometry of the underlying buried-
valley aquifer. The buried-valley aquifer is characterized by a series of upgradient branch
valleys underlying the Site which merge together into a main trunk valley in the vicinity of
the HBHA Pond. Groundwater containing COCs moves downgradient down each of the
branch valleys, and flows upward and discharges to surface water in the HBHA Pond.
Apparently, but to a lesser degree (i.e., only for some of the groundwater migrating from
the area of the West Hide Pile), some groundwater discharges to the New Boston Street
Drainway, a tributary of Hall’s Brook and the HBHA Pond. Consequently, the HBHA
Pond acts as the “endpoint” for the groundwater COC plumes migrating away from
source areas at the Site. This conclusion, that the HBHA Pond acts as the “endpoint™ for
the groundwater COC plumes at the Site, was first set forth in the GSIP and is supported
by the water-level data developed for the area near the HBHA during the SSI. This
conclusion is further supported by CDM’s initial groundwater modeling efforts, which
indicate that, even with sensitivity-analysis changes in key variables, such as hydraulic
conductivity of the aquifer and bedrock topography, modeled groundwater discharge from
identified porential source areas is still to the HBHA Pond, or to the New Boston Street
Drainway (a tributary of the pond}), in the case of groundwater moving downgradient from

the West Hide Pile.

As Site-related COCs migrate downgradient toward the HBHA Pond, they enter an area
of the aquifer characterized by conditions more oxidizing than those present in the source

areas. Here, arsenic and chromium concentrations in groundwater are attenuated (via
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adsorption and/or precipitation within the aquifer matrix) due to the change to more
oxidizing conditions. More reducing conditions may exist, however, in limited areas of
the aquifer, particularly at depth, where more of the organic matter from the source areas
is present in groundwater. In these organic-material-rich areas of the aquifer, arsenic and
chromium attenuation appears to be limited, as the arsenic and chromium remain in
reduced forms instead of being oxidized and adsorbing/precipitating out with iron

hydroxides.

Little attenuation of benzene and toluene appears to take place in the aquifer

downgradient of their source areas.

Environmental Fate of COCs in Groundwater Discharging to the HBHA Pond

As groundwater discharges to the HBHA Pond, bio- and geochemical processes taking
place in the pond sediment filter out or metabolize the COCs from the discharging
groundwater, such that only low concentrations of dissolved COCs are present in pond
surface water, and generally only at the base of the pond. A major conclusion of the SSI
is that these processes continue today to effectively remove COCs from discharging

groundwater.

The particular mechanisms responsible for the removal of COCs prior to groundwater
discharge vary. Adsorption to iron-bearing pond sediment and co-precipitation with iron
sulfates and iron hydroxides appear to be the mechanisms by which arsenic and chromium
are attenuated. The role of organic carbon in sequestering arsenic and chromium appears
to be minimal.  This represents a slight modification of the GSIP conclusions that
chromium, in particular, complexed with sedimentary organic carbon in the pond sediment

and was thus filtered out of the discharging groundwater.

Biodegradation appears to be the mechanism most responsible for attenuation of benzene
and toluene. Biodegradation of benzene and toluene is believed to be occurring in the

HBHA Pond sediment for the following reasons:
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e a previous compariscn of the benzene concentrations in groundwater beneath the
HBHA Pond and the benzene concentrations in surface water at the base of the pond
(Roux Associates, 1995) indicated that greater than 90 percent of the mass of benzene
discharging to the HBHA Pond is removed as groundwater moves upward through the
pond sediment.

¢ benzene is known to be readily biodegradable; and

+ GSIP studies showed that microbes in HBHA Pond sediment thrive on a benzene food
source.

COCs adsorbed onto HBHA Pond sediment are generally retained in the pond, due to the
relative quiescence of the pond bottom, which is, in turn, a function of the pond’s
morphology {i.e., the pond was designed as a storm-water retention basin}). The pond’s
sediment-retention efficiency is demonstrated by the presence of over 1 foot of extremely
fluid fine-grained sediment at the base of the pond, all of which has accumulated since the
1970s. However, based on the detection of COCs (i.e., arsenic and chromium) on
suspended solids at the outlet from the HBHA Pond, some limited downstream transport

of sediment-adsorbed metallic COCs to the HBHA wetland appears to occur.

Residence times for surface water in the HBHA Pond and particularly in the HBHA
wetlands appear to be too short to provide significant attenuation of any COCs that may
potentially break through to surface water. However, no significant concentrations of
COCs (i.e., greater than approximately 10 to 15 ug/L) appear to migrate beyond the
HBHA Pond and wetlands via the surface-water pathway.

Long-Term Environmental Fate Issues

Based on adsorption-capacity “lifetime” calculations performed during the SSI, the HBHA
Pond sediment appears to have an unlimited capacity (based on current trends in Eh/pH
conditions) to attenuate chromium in discharging groundwater, since potential chromium
concentrations in pore water are limited by the relatively low solubility of the chromium
precipitate present in the sediment. The sediment’s capacity to attenuate arsenic

discharging to the pond is estimated to be at least several hundred years. However,
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additional arsenic adsorption will likely be accompanied by increased pore-water
concentrations of arsenic. The sediment’s capacity to adsorb benzene was calculated to be
less than 1 year, assuming no biodegradation were occurring. However, although not
quantified during the SSI, biodegradation appears to be the dominant mechanism for

benzene and toluene removal from discharging groundwater,

Data Gaps
The SSI conclusions reflect the most current and comprehensive understanding of the

environmental fate of COCs at the Site. Nonetheless, the SSI, together with the GSIP,
suggest that some additional investigation is appropriate. The items warranting additional
investigation include the following:

e the trend toward less-reducing conditions at the suspected source areas;
¢ toluene reductions in the suspected toluene source areas;
« mechanisms for biodegradation of benzene in HBHA Pond sediment;

s potential remobilization of COCs in HBHA Pond sediments, particularly during storm
events; and

¢ the source and extent of arsenic detected in the MC-3 MicroWell™ cluster.
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Table 1. Supplemental Site Investigation MicroWell™ Construction Details,
Industri-Plex Site, Woburn, Massachusetts
Monitoring Total Depth of Well Screened Internal Screened Interval
Location (feet below land (feet below land (feet above mean sea
Designation surface) surface) level)
MC-18 18.0 7.0 - 17.0 503 - 40.3
MC-11 31.0 200 - 30.0 37.4 - 27.4
MC-1D 44.0 33.0 - 43.0 244 - 14.4
MC-25 15.0 4.0 - 14.0 50.0 - 40,0
MC-21 28.0 17.0 - 27.0 37.1 - 27.1
MC-2D 41.0 30.0 - 40.0 24.2 - 14,2
MC-35 17.0 6.0 - 16.0 47.9 - 37.9
MC(C-31 47.0 36.0 - 46.0 17.4 - 7.4
MC-3D 83.0 72.0 - 82.0 -18.5 - -28.5
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Table 2.  Supp.emental Site Investigation Ground-Water Analytical Data,
Industri-Plex Site, Woburn, Massachusetts
Source Area Ground Water
Sample Parameter: Benzene Toluene Arsenic Chromium
Location Concentration; (pg/l) (ng/L) {ug/L) (ng/L)
Designation
GW-1 10U 10U 5 U 1 U
GW-2 10U 10U 3i.8 16.8
GW-3 10U 4] 451 35.9
GW-4 1,000 150 718 132
GW-5 10U 10U 514 48.9
Downgradient Ground Water
Sample Parameter: Benzene Toluene Arsenic Chromium
Location Concentration: (ng/L) (ng/L) (ng/L) (ug/l)
Designation
MC-18 160 10U 45.5 18.1
MC-11 160 10U 547 256
MC-1D 14,000 4201 60 U 302 B
MC-28 10U 10U . 126 1 U
MC-21 10U 10U g8 B 1 U
MC-2D 10U 1ou 6 U 1 U
MC-38 o 10U 164 1.6 B
MC-31 10U 10U 6 U 1 U
MC-3D 10U 10U 6 U 1 U
Notes:

ug/L - micrograms per hiter

U - indicates that the compound was analyzed for but not detected (value shown is
contract-required detection limit)

J - indicates that the compound was analyzed for and determined to be present at an
estimated concentration greater than zero and less than the contract-required detection
limit

B - indicates that the metal was analyzed for and determined to be present at an estimated
concentration greater than zero and less than the contract-required detection limit
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Table 3. Comparison of SST and GSIP Data for
Source-Area Groundwater

East Central
West Hidepile Arsenic Pit Hidepile South Hidepile
Parameter Units | Wl | WP-5 | OW-36 | 0.2 | OW43 | B3 | OW-I6 | g oOwW-54C | OW-12
pH s.u, 8.7 6.7 8.4 4.1 6.2 73 7.4 1.7 7.8 76
6.9 6.9 8.2
Eh mV HEY -68 376 269 3%0 &5 310 47 136 -72
-59.2 917
-54.9
-56.1
TOC mg/L 7347,
74 9 8.58 17 i 230 <} 160
2730 29
2776
§* mg/L <1 <1 < <1 <1 2 <] 23
0.2 0.084
0.11
Fe (Total) mg/l. 421 60 0.67 247 37.1 1.14 0.87 1.8 0.8 5.13
1.29 <D.12
Fe* mg/L 21 0.02 4,56 7.5 3,71 53 1.34 18
HCO; mg/L 237 800 33 320 2530 | 11100 540 5000
935
50> mg/L 537 113 573 799 193 <5 <) 1780
Cr (Total) mg/L | <0001 | «0.004 | 0.008 | @617 | 0008 | ©.036 | 0138 | 132 0.1 0.0355
0.121 0.003 0.252 0.0498
Cr (1) mg/L 1407 (.53 157 0.16 0.64
Cr (VD) mg/L. <205 <0.01 <{1.03 <0.01 «{1.65 <0.01 <005 <0.01
As (Total) ug/L LR 869 440 413 2800 417 2300 574 949 200
2860 280
2400 422
1700 36
As (I pe/l {4,248 4,13 136 530 57.4 <5
As{V) pe/l K 303 279 620 421 450
As (Organic) |pg/L HRE 0.6 <2 2 600 161 21
NH,-N mg/L 1.61 <0.1 2.11 3 422 2300 1279 7960
SSI Data = GW-1, GW-2, GW-3, and GW-4
GSIP Data= OW-36, WP-5, OW-43, OW-16, OW-54C and OW-12




Table 4. Concentration and Speciation of Arsenic in Background Waters and in Column Eluates
Before and After Attaining Reduced Conditions

Concentration of Arsenic Apecies (pug/L)

Total
Total Inorganic  Arsenic  Arsenic Reduced
Water Source® Arsenic  Arseni¢ (I1) " MMA® DMA®  Arsenic’
Background Water 42 235 0.02 233 0.01 <0.01 1.87
Initial Effluent 473 383 390 0 <1.6 <1.6 473
Final Effluent 2,165 805 540 265 <1.6 <i.6 1,900

* Background water was coliected before passing through the test column. Initial effluent water
was collected from the column before anaerobic conditions had been established
(ORP=+83.2 mV). The final effluent was collected after anaerobic conditions had been
established (ORP=-86 mV). The condition of this final effluent water is considered to be most
representative of conditions expected below the hide piles when sufficient DOC is available to
create highly reducing conditions.

® Arsenic (V) is calculated by [inorganic arsenic - arsenic (II)].
“ MMA = monomethyl arsenate; DMA = dimethy! arsenate
?Total reduced arsenic is calculated by [(total arsenic - inorganic arsenic) + arsenic (IT1)].

Source: Envirogen
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Table 5. Supplemental Site Investigation Water-Level Elevation Data, Industri-Plex Site, Woburn,

Massachusetts
Monitoring MP Elevation Depth to Water Water Level Elevation
Location (feet above mean sea  (feet below measuring  (feet above mean sea
Designation level) point) level)
MicroWells™
MC-18 59.31 7.15 52,16
MC-11 59.43 6.99 52.44
MC-1D 59.42 7.04 52.38
MC-28 56.12 4,05 52.07
MC-2L 56.17 3.94 5223
MC-2D 56.27 374 52.53
MC-38 56.00 3.92 52.08
MC-31 55.45 3.33 52,12
MC-3D 55.54 3.25 5229
Stream Gauges
SG-1 54.37 2.44 51.93
5G-2 54.89 2.96 51.93
SG-3 54,19 2.38 51.81

MP - measuring point
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Table 6:

"OW" Well Series

Variation of Simulated Water l.evels Relative to Average Observed Values 1991 - 1992

Run Description

Mean Difference

Standard Deviation

Base case: Kxy =75 ft/day, Kz =3.75 ft/day

Base case with sediment layer around pond

Kz reduced to 0.75 ft/day

Kz increased to 7.5 ft/day

Kxy reduced to 50 ft/day

Kxy increased to 150 ft/day

Kxy reduced to 50 ft/day and Kz reducecd to 0.75 ft/day
Kxy increased to 150 ft/day and Kz increased to 7.5 ft/day
Recharge Increased by 25%

Recharge Decreased by 25%

Ecology and Environment Bedrock Interpretation

-0.36
0.327
-0.317
-0.554
-0.332
-0.678
-0.121
-0.724
-0.253
-0.469
-0.194

1.24
1.75
1.32
1.26
1.29
1.30
1.34
1.28
1.25
1.24
1.42

cDM  Camp Dresser & McKee




Table 7:

MicroWell Clusters

Variation of Simulated Water Levels Relative to Average Observed Values 1997

Run Description

Mean Difference

Standard Deviation

Base case: Kxy = 75 ft/day, Kz = 3.75 ft/day

Base case with sediment layer around pond

Kz reduced to 0.75 ft/day

Kz increased to 7.5 ft/day

Kxy reduced to 50 ft/day

Kxy increased to 150 ft/day

Kxy reduced to 50 ft/day and Kz reducecd to 0.75 ft/day

Kxy increased to 150 ft/day and Kz increased to 7.5 ft/day

-0.046
1.301
0.213
-0.157
-0.044
-0.086
0.269
-0.171

0.561
1.631
0.614
0.526
0.524
0.582
0.57
0.553

CDM Camp Dresser & McKee




Table 8:
Measured and Simulated Heads at MicroWell Clusters and Hall's Brook Holding Area
(heads reported in ft. MSL)

ID Measured Value Base Case Kz reduced to 0.75 ft/day | Kz Increased to 7.5 ft/day
Pond 51.93 52 52 52
MC-1S 52.16 52.85 52.93 52.71
MC-1l 52.44 52.93 53.18 52.75
MC-1D 52.38 53.13 53.72 52.85
MC-25 52.07 5212 52.24 52.08
McC-21 52.23 52.14 52.33 52.09
MC-2D 52.53 52.17 52.45 52.1
MC-35 52.08 51.49 517 51.42
MC-31 52.12 51.52 51.82 51.43
MC-3D 52.29 51,54 51.84 51.45

cDM Camp Dresser & McKee




Table 8 (continued):
Measured and Simulated Heads at MicroWell Clusters and Hall's Brook Holding Area
(heads reported in ft. MSL)
1D Measured Value Base Case Base Case with pond Sediment
Pond 51.93 52 LY
MC-1S 52.16 52.85 5523
MC-1I1 52.44 52.93 55.72
MC-1D 52.28 53.13 55.79
MC-28 52.07 5212 53.27
MC-21 52.23 52.14 53.47
MC-2D 52.53 52.17 53.51
MC-38 52.08 51.49 51.63
MC-31 5212 51.52 51.68
MC-3D 52.29 51.54 51.71

cDM Camp Dresser & McKee




Table 9:
Simulated Local Groundwater Discharge
(ft’ /day)
Model Locations
R D ioti Groundwater Inflow to Flow Out of Total Flow Out of
un Description HBHA Pond Southern Boundary Model

Base case: Kxy = 75 ft/day, Kz = 3.75 ft/day 27,300 17,077 208,915
Base case with sediment layer around pond 8,401 17,097 208,923
Recharge Increased by 25% 29,561 20,423 261,003
Recharge Decreased by 25% 25,516 13,717 156,626
Ecology and Environment Bedrock Interpretation 35,743 17,416 209,380

CDM Camp Dresser & McKee




Table 10:
Simulated Local Groundwater Discharge and Measured Total Flows
at Surface Water Measuring Points (ft° /day)
Station Name
Run Description SW-5 SW-10 SW-12 SW-13 SW-14
October 4, 1991 Measured Flow: 97,6321 241,056 167,616 282,528 527,904
Base case: Kxy = 75 ft/day, Kz = 3.75 ft/day 41,142 59,250 57,745 86,549| 193,207
Base case with sediment layer around pond 44 831 74477 61,989 83,878| 193,195
Recharge increased by 25% 57,738} 73,225| 79,187 102,787 241,978
Recharge decreased by 25% 22,850 45,518 33,459 71,034| 144,249
Ecology and Environment bedrock interpretation 22,983 63,554 33,810 99,296 193,326

CDM  Camp Dresser & McKee
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Table 11. Supplemental Site Investigation Sediment Analytical Data, Industri-Plex Site, Woburn, Massachusetts.

Sample Parameter; Benzene Toluene (ug/ Arsenic Chromium
Location Concentration; (ug/kg) kg) (mg/ kg) (mg/ kg)
Designation Lithology

SED-1 0-1.5’ Organic Silt 4,100 10 U 1,390 1,060
SED-1 1.5-2.5° Sand 34 2] 183 15.0
SED-2 0-0.5° Organic Silt 400 14 71 1,270 711
SED-3 0-0.5° Organic Silt 10U 2] 35.2 263
SED-3 0.5-1.0¢ Sand 10U 21 133 6.4
SED-3 1-1.% Sand 10 U 10U 11.7 6.0
SED-3 1.5-2° Sand 10 U 10 U 7.7 38
SED-3 2-2.5° Sand 10U 10U 12.5 6.1
SED-4 0-0.5° Organic Silt 10 U 10U 419 664
SED-4 0.5-1 Organic Silt 10 U 10 U 397 517
SED-4 1-1.5° Organic Silt 10 U 10 U 603 083
SED-4 1.5-2° Organic Silt/Sand 10 U 10 U 503 910
SED-4 2-2.5° Sand 10 U 2] 56.6 56.7
Notes:

ng’kg - micrograms per kilogram
mg/kg - milligrams per kilogram

U - indicates that the compound was analyzed for but not detected (value shown is contract-required detection limit)

J - indicates that the compound was analyzed for and determined to be present at an estimated concentration greater than zero and
less than the contract-required detection limit
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Table 12.  Average Percent Benzene and Toluene Remaining in Overlying Water After 14 Days of

Exposure to Sediments®

PERCENT BENZENE REMAINING

Sample ID DAY 2 DAY 4 DAY 7 DAY 14
Water NA NA NA 92*
Sediment 1 56.8 40.9 37.0 229
Sediment 4 56.6 29.1 212 17.2
Abiotic Control 63.7 363 30.2 247
Sand Control 63.4 533 447 23.6
PERCENT TOLUENE REMAINING

Sample ID DAY 2 DAY 4 DAY 7 DAY 14
Water NA NA NA 84*
Sediment 1 56.9 41.4 18.4 18.1
Sediment 4 558 293 19.0 7.7
Abiotic Control 60.0 35.9 26.3 2379
Sand Control 55.6 49.1 38.4 13.8

*This water sample was taken on day 0 without headspace and kept for the duration of the study.

*All the results are averages of duplicate measurements

Source: ES&E
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Table 13. Supplemental Site Investigation Surface-Water Analytical Data,

Industri-Plex Site, Woburn, Massachusetts

Sample Parameter: Benzene Toluene Arsenic Chromium
Location Concentration: {ng/L) (ng/L) (pg/L) (pg/L)
Designation

SW-18 1ou 1] 7.1 B 2 B
SW-1SF 10U 1] 6 U 1 U
SwW-11 10U 2] 13.9 1.9 B
SW-11F 10U 1] 82 B 1 U
SW-1D 1ou 17 51.8 14.6
SW-IDF 10U 1] 18.1 13 B
SW 2§ 10U 17 6.9 B 1 B
SW-2S F 10U 1] 6 U U
SW-21 217 117 11.7 14 B
SW-21F 6] | 6 U 1 U
SW-2D 80 2] 617 225
SW-2D F 57 2] 33.9 5 B
SW-3 10U 2] 14.2 48 B
SW-3F 10U 1J 6 U 1 U
Sw-4 10U 10U 78 B 37 B
SW-4F 10U 10U 6 U I u
SW-5 10U 10U 8.2B 14 B
SW-5F 4] 10U 6 U 1 U
SW-6 Iou 10U 6 U 31 B
SW-6 F 10U 10U 6 U 1 U
Notes:

png/L. - micrograms per liter

F - indicates filtered sample

U - indicates that the compound was analyzed for but not detected (value shown is contract-

required detection limit)

J - indicates that the compound was analyzed for and determined to be present at a
estimated concentration greater than zero and less than the contract-required detection

limit

B - indicates that the metal was analyzed for and determined to be present at an estimated
concentration greater than zero and less than the contract-required detection limit
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Figure 25:
Time History of Modeled Heads at Micro-Cluster Well MC-2 and
HBHA Pond During Simulated Period of Increased Rainfall
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W g/ \ = A A2 P 1 SURFACE WATER BODIES
SW—22 ]
1,380 - A 6 16.5
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Arsenic Isotherm
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Figure 32 HBHA Pond sediment arsenic adsorption isotherm,
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Figure 34 HBHA Pond sediment chromium adsorption isotherm
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Benzene Isotherm
Pond Sediment (SED1 0-1.5)
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Figure 35 HBHA Pond sediment benzene adsorption isotherm.



Toluene Isotherm
Pond Sediment (SED1 0-1.5)
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Figure 36 HBHA Pond sediment toluene adsorption isotherm.
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Dye Concentration vs. Time
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Arsenic Isotherm
Wetlands Sediment (SED3 0-0.5)
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Figure 45 HBHA Wetland sediment arsenic adsorption isotherm.



Chromium Isotherm
Wetlands Sediment (SED3 0-0.5)
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Figure 46 HBHA Wetland sedimeant chromium adsorplion isotherm.
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Figure 47 HBHA Wetland sediment benzene adsorption isotherm.
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& 200 Monroe Turnpike Phone 203-261-4458
AT Monrpe, Connecticut 06468 Fax 203-268-5346
A———
7

An Aquarion Company

Nt
Februyary 06, 1997
Mr. Larry Mctiernan
ROUX ASSOCIATES
1377 Motor Parikway
IsTandia, NY 11788
Dear Mr. Mctiernan:
Please find enclosed the analytical resuits of 8 samples received at our
laboratory on December 19-20, 1996. This report contains sections
addressing the following information at a minimum:
sample summary . definition of data qualifiers and terminology
analytical methodology . analytical results
state certifications . chain-of-custody
IEA Report # 7096-2874A
Project ID: Woburn, MA
- Purchase Order # 06626Y08
Copies of this analytical report and supporting data are maintained in our files
for a minimum of five years unless special arrangements have been made. Unless
specifically indicated, all analytical testing was performed at this laboratory
location and no portion of the testing was subcontracted.
We appreciate your selection of our services and welcome any questions or sug-
gestions you may have relative to this report. Please contact your customer
service representative at (203) 261-4458 for any additional information. Thank
you for utilizing our services; we hope you will consider us for your future
analytical needs.
I have reviewed and approved the enclosed data for final reiease.
Very truly yours,
4 ( / %
Lol Cerers_for
b/Jgégﬁf Curran | {/
Laboratory Manager
JCC
" 4
Schaumburg, N. Hiflerica, Whippany, Cary,
Itlingis Massachusetts New Jersey North Carolina
B847-705-0740 508-667-1400 201-428-8181 919-677-0080

@ prirted on recycled pager



7096-2874A
ROUX ASSOCIATES

Case Narrative

Hexavalent Chromium/Nitrate-Nitrogen/Nitrite-Nitrogen - Subcontracted to IEA/MA.

Classical Chemistry - Listed below are the wet chemistry analyte methods and
references for the samples analyzed in this SDG. No analytical problems were
encountered and all holding times were met.

Analyte Method Reference
Alkalinity 310.1 1
Ammonia 350.1 1
Bicarbonate 23208 2
Carbonate 23208 2
Chloride 325.2 1
Fluoride 340.2 |
pH 150.1 1
DOC 9060 3
Ferrous Iron 3500-Fe D 2
Trivalent Chromium 7196 3
Sulfide 376.1 1
Sulfate 375.4 1
TO0CD 5060 3

References:

1. Methods of Chemical Analysis of Héter and Wastes, EPA 600, 1883.
2. Standard Methods for the Examination of Water and Wastewater. 18th edi-

tion, 1992.
3. Test Methods for the Evaluation of Solid Wastes, SW846, 3rd ed., 1986.

Metals - ICAP metals were determined using a JA61 trace ICAP using gquidance
provided in SW846 according to the following Methods: ICAP-3010/6010.

No problems occurred. All appropriate protocols were employed. All data ap-
pears to be consistent. .



Yolatile Organics - Volatile organics were determined by purge and trap GC/MS
using USEPA CLP Protocols, OLMO3.1. The instrumentation used was a Tekmar Dy-
namic Headspace Concentrator interfaced with a Hewlett-Packard Model 5972A

GC/MS/DS.

Sample GW-4 was analyzed at a 1:10 dilution due to a high target compound con-
centration.



TABLE V0O-1.0
7096-28744
ROUX ASSOCIATES
MISCELLANEQUS VOLATILE ORGANICS

All values are ug/L.

Aqueous

Lab Sample I.D.
Method Blank I.D.

Quant. Factor

Toluene . - . .-

Client Sample I.D.

Benzene _ _

Date Received
Date Extracted
Date Analyzed

Method
Blank GW-1 GW-4
Quant.
VBLEKDS 962874A-01 | 962874A-02 Limits
VBLKDS VBLEKDS VBLXDI with no
1.00 1.00 10.0 Dilution
U U 1000 10
U ;J—U L P " 150 S
12/15/96 12/19/96
N/A N/A N/a
12/28/9¢ 12/28/96 12/28/96

See Appendix for qualifier definitions

Note:
Quant.

Compound detection limit =
Factor

quantitation limit x quantitation factor

a numerical wvalue which takes into account any

variation in sample weight/volume,

sample dilution.

% moisture and



TABLE VO-1.1
7096-2874A
ROUX ASSOCIATES
MISCELLANEOUS VOLATILE ORGANICS

All values are ug/L.

Aqueous

Client Sample I.D. ¥FB-12/18 TB 121896
Quant.

Lab Sample I.D. 962874A-03 | 962874A-04 P62B74A-05MS] Limits
Metheod Blank I.D. VBLKDO VBLEKDS with no
Quant. Factor 1.00 1.00 Dilution
Benzene 1) U 10
Toluene L U I 10
Date Received 12/19/96 12/19/96 12/20/96
Date Extracted N/a N/A

12/28/96 12/28/96 12/28/%6

Date Analyzed

See Appendix for gualifier definitions

Note: Compound detection limit =
Quant. Factor

quantitation limit x quantitation factor

a numerical value which takes into account any

variation in gsample weight/volume,

sample dilution.

moisture and



TABLE VO-1.2 Aqueous
7096-2874A4
ROUX ASSOCIATES
MISCELLANEOUS VOLATILE ORGANICS

e All values are ug/L.
GW-3

Client Sample I.D. MsSD

862874A-05 Quant.
Lab Sample I.D. MSD Limits
Method Blank I.D. VBLKDS with no
Quant. Factor _J 1.00 | Dilution
Benzene ‘ 53X 10
Toluene. .. - . . . B 58X BE T ‘ 10
Date Received 12/20/96
Date Extracted N/A
Pate Analyzed 12/28/96

See Appendix for qualifier definitions
Note: Compound detection limit = quantitation limit x guantitation factor
Quant. Factor = a numerical value which takes into account any
variation in sample weight/volume, % moisture and

sample dilution.




TABLE VO-1.3
7096-2874A
ROUX ASSOCIATES

MISCELLANEQUS VOLATILE ORGANICS

Aqueous

All values are ug/L.
Method

Client Sample I.D. Blank GW-3 GwWw-3/D

Quant.
Lab Sample IXI.D. VBLKDA 962874A-05 | S62874A-06 Limits
Method Blank I.D. VBLKDA VBLKDA VBLKDA with no
| Quant. Factor 1.00 1.00 1.00 Dilution
Benzene U U _ U 10
Toluene . ' U 4J , 6J : 10
Sl e
Date Received 12/20/98 12/20/96
Date Extracted N/Aa N/A N/A
Date Analyzed 12/29/96 12/29/96 12/25/96

See Appendix for gualifier definitions

Note: Compound detection limit =

Quant. Factor

gquantitation limit x quantitation factor
a numerical value which takes into account any
variation in sample weight/volume, % moisture and

sample dilution.




TABLE VO-1.4 Aqueous
7096-2874A
ROUX ASSOCCIATES
MISCELLANEQUS VOLATILE ORGANICS

- All values are ug/L.
Client Sample I.D. FB-12/19 TB 121996
Quant.

Lab Sample I.D. 962874A-07 | 962874A-08 Limits
Method Blank I.D. VBLKDA VBLKDA with no
Quant. Factor 1.00 __1.00 Dilution

— — ]
Benzene U U 10
Toluene . . - - - U T - 10
Date Received 12/20/96 12/20/96
Date Extracted N/A N/A
Date Analyzed 12/29/96 12/29/96

See Appendix for qualifier definitions
Note: Compound detection limit = guantitation limit x quantitation factor

Quant. Factor = a numerical wvalue which takes into account any
variation in sample weight/volume, % moisture and

sample dilution.




TABLE AS-1.0
7096-2874A
ROUX ASSOQCIATES

MISCELLANEOUS ATOMIC SPECTROSCOPY (Dissolved)

All values are ug/L.

Aqueous

Client Sample I.D. GW-1 GW-4 FB-12/18 GW-3

[ Lab Samgle I.D. 962874A-01 | 962874A-02 | 962874A-03 | 962874A-05
e F"‘__"_“__"“F===========
Arsénic: SIS T BT SRR I 1) ¢ BRSO SRRy Ju I JORRURTI BRSO - 11 ¥ S o 481,
Calcmum 161000 32700 91.6B 20000
Chromium ToaL,o0uU T - 13240 100U 35.9-
Copper 1.6B 2.3B 1.00 1.00
Iron:: . to4210° | 71800 34,00 11407
Magnesium 38300 63800 20.00 97300
Potassium: .- 9210 - - 43600 267.0 .| 4710B
Sodium 40300 115000 207.B 8580
Zing & - ©31.1 0 0 33,7 - -11.5B 17 .88

See Appendix for gualifier definitions



TABLE AS-1.1 Agqueous
7096-2874A
ROUX ASSOCIATES
MISCELLANEQUS ATOMIC SPECTROSCOPY (Dissolved)

All values are ug/L.

GW-3 GwW-3
Client Sample I.D. D s GW-3/D FB-12/19

9628744-07

Lab Sample I.D. 962874A-05D]| 962874A-0553| 362874A-06 |
T —
Arsenic il o e oL 448000 T F - B00L - | T 442, - 5.00.
Calcium 20200 NR 20000 14900
Chromium. . . Lo , 36.3 215. . 36.6 2.0B
Copper 1.0U0 238. 1.0U0 6.9B
Ironm ' oo i 1 1140 2030 1110 .. 34.00
Magnesium 55300 NR 99600 1260B
Potassiwm < 0. 1Y 4840B "NR 4890B 2140B
Sodium - B 8780 'NR 8810 7790

A 2 Vo R e N A ¥ -7 - SRR3R . 16.5B. 12_.4B

See Appendix for gqualifier definitioms



TABLE AS-1.2
7096-2874A
ROUX ASSOCIATES

MISCELLANEOUS ATOMIC SPECTROSCOPY (Total)

All values are ug/L.

Aqueous

Client Sample I.D.

Lab Sample I.D.

Arsenic’ - %
Calcium

Chromivm™ . =l

Copper Ny
Irom o 0 e
Magnesium
Potassium - =
Sodium

Zinc -

" 628. | 1010

GW-1 GW-4

962874A-01 | 562874A-02

GW-3

GW-3
D

962874A-05D

9562874A-05

- NR | NR

~169000 .| 205000
NR NR
NR. .. { v -NR
NR NR

607, . 636,

KR
279.

- 287000

NR
NR -
NR

837.

See Appendix for qualifier definitions



TABLE AS-1.3 Agqueous
7096-2874A
ROUX ASSOQCIATES
MISCELLANEQUS ATOMIC SPECTROSCOPY {(Total)

All values are ug/L.

GW-3
Client Sample I.D. 5 GW-3/D

Lab Sample I.D. 562874A-053] 962874A-06

Arsenie L. e o L e ONRD T p - ONR
Calcium NR NR
Chrxomium . -~ . o _ NR . B
Copper 534, 4.2
Iron ool 292000 913900 ¢
Magnesium NR
Sodium . NR NR
Zing | i e 31320 . | o27.85 0

See Appendix for qualifier definitions



TABLE €C-1.0(R)
7096-2874A
ROUX ASSOCIATES
MISCELLANEOUS

A1l values are mg/L unless noted.

Parameter GW-1 GW-4 FB-12/18 GW-3 GW-3/D FB-12/19
Alkalinity, as CaC0, 237 6,420 NR 2,030 2,020 NR
Ammonia-Nitrogen 1.61 1,270 NR 422 388 NR
Bicarbonate 237 6,470 NR 2,030 2,020 NR
Carbonate, as CaCO, <2.00 39.9 NR 5.80 5.50 NR
Chloride 14.5 95.9 NR 21.2 21.2 NR
Fluoride <0.100  0.510 NR 0.170 0.170 NR
DocC 7.28 <1.0 NR 46.4 34.8 NR
Trivalent Chromium 0.010 0.132 NR 0.036 0.037 NR
Ferrous Iron 2.11 1.34 <0.50 3.71  1.75 <0.50
pH, S.U. 7.03 8.30 NR 7.95 7.94 NR
Sulfate 527 <10.0 NR 19.3 <10,0 NR
Sulfide <1.0 <1.0 NR <1.0 <1.0 NR
Total Organic Carbon 7.40 <1.0 NR 47.1 34.5 NR

NR - Not Requested



IEA

An Aquarion Company
[EA Laboratory Results
Client: IEA -CT [EA [D: 0070-395
Project; ROUX (WOBURN CLP) Received: 12/19/96
Report Date: 01763797
IEA Client Date
# 1D Parameter Results Units POL  Analyzed Analyst Method
01 GwW-1 Hexavalent Chromium BQL mg/L 0.050 12/19/96 CCV/ND 3078/7196
01 GW-1 Nitrate-N BQL mg/L 0.20 01/03/97 CCV 353.2
01 GW-1 Nitrite-N BQL mg/L 0.020 12/19/96 CCV 354.1
02 GW+4 Hexavalent Chromium BQL mg/L 0.050 12/19/96 CCV/ND 307B/7196
02 GW-4 Nitrate-N BQL mg/L 0.20 01/03/97 CCV 353.2
02 GwW4 Nirite-N BOL mg/L 0.020 12/19/%6 CCV 354.1
Comments:
PQL = Practical quantitation limit.
BQL = Below quantitation fimit.
-
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cll [EA
N An Aquarton Company
LW IEA Laboratory Results
Client: [EA -CT. IEA ID: 00670-397
Project: 7096-1874A Received: 12/19/96
Report Date: 0L/06/97
IEA Client Date
# ID Parameter Resulis Units PQL  Analyzed Analyst Method
01 GW-3 Hexavalent Chromium BQL mg/L 0.050 12/20/96 CCV/ND 307B/7196
01 GW-3 Nitrate-N BQL mg/L 0.20 01/03/97 ccv 353.2
01 GW-3 Nitrite-N BQL mg/L 0.020 12720/9¢ CCV/ND/GMP 354.1
02 GW-3D Hexavalent Chromium BQL mg/L 0.050 12/20/96 CCV/ND 307B/7196
02 GW-3/D Nitrate-N BQL mg/L 0.20 01/03/97 CCv 353.2
02 GW-3/D Nitrite-N BQL mg/L 0.020 12/20/%6 CCV/ND/GMP 354.1
Comments:
PQL == Practical quantitation limit.
BQL = Below quantitation limit.
e’
L "4
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BQL

ORGANICS APPENDIX
Indicates that the compound was analyzed for but not detected.
Indicates that the compound was analyzed for and determined to be present
in the sampie. The mass spectrum of the compound meets the identification

criteria of the method. The concentration Tisted is an estimated value,
which is less than the specified minimum detection limit but is greafer

than zero.

This flag is used when the analyte is found in the blanks as well as the
sample. It indicates possible sample contamination and warns the data
user to use caution when applying the results of this analyte.

Indicates that the compound was analyzed for but not requested as an
anaiyte. VYalue will not be Tisted on tabular result sheet.

Estimated due to surrogate outliers.

Matrix spike compound.

Cannot be separated.

Decomposes to azobenzene. Measured and calibrated as azobenzene.

This flag indicates that a TIC is a suspected aldol condensation product.
Indicates that it exceeds calibration curve range.

This flag identifies all compounds identified in an analysis at a second-
ary dilution factor.

Confirmed by GC/MS.
Compound present in TCLP blank.

This flag is used for a pesticide/aroclor target analyte when there is a
greater than 25 percent difference for detected concentrations between the

two GC columns (see form X).

- Below quanititation limit.
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cv

NR
NC

TINORGANICS APPENDIX

€ - Concentration qualifiers
Indicates analyte was not detected at method reporting 1imit.

Indicates analyte result between IDL and contract required detection 1imit
(CRDL)

Q - QC qualifiers
Reported value is estimated because of the presence of interference
Duplicate injection precision not met
Spiked sample recovery not within contro]l limits
The reported value was determined by the method of standard additions (MSA)

Post-digest spike recovery furnace analysis was out of 85-115 percent
control limit, while sample absorbance was less than 50 percent of spike

absorbance
Duplicate analysis not within contrel limit
Correlation coefficient for MSA is less than 0.995

M - Method codes
1cp
Flame AA
Furnace AA
Cold vapor AA (manual)
Cyanide
Not Reqﬁired

Not Calculated as per protocols



STATE CERTIFICATIONS

In some instances it may be necessary for environmental data to be reported to
a regulatory authority with reference to a certified laboratory. For your con-
venience, the laboratory identification numbers for the IEA-Connecticut labora-
tory are provided in the following table. Many states certify laboratories for
specific parameters or tests within a category (i.e. method 325.2 for waste-
water). The information in the following table indicates the 1ab is certified
in a general category of testing such as drinking water or wastewater analysis.
The laboratory should be contacted directly if parameter-specific certification

information is required.

IEA-Connecticut

Certification Summary (as of December 1996)

Certification | ““Lab Number
Connecticut Department of Health Services Dnnking Water, PH-0497
Wastewater
Department of Health and Environmental Drinking Water,
Kansas Services Wastewater/Solid, E-210/E-1185
Hazardous Waste
Massachusectts Department of Environmental Protection Potable/Non-Potable CTO23
Water
New Hampshire Department of Environmental Services Drinking Water, 252891
Wastewater
New Jersey Department of Enviranmental Protection Drinking Water, 46410
Wastewater
CLP, Drinking Water,
New York Department of Health Wastewater, Solid/ 10602
Hazardous Waste
North Carolina Division of Environmental Management Wastewater 388
North Dakota Department of Health and Non-Potable/Potable R-138
- Consolidated Laboratories Hazardous Waste
Oklahoma Depantment of Environmental Quality Geneial Water Quality/ 9614
Sludge Testing
Chemistry...Non-
Rhode Island Department of Health Potable Water and A43
Wastewater
Washington Department of Ecology Wastewater/ C231
Hazardous Waste
West Virginia Division of Environmental Protection Wastewater/ 263
Hazardous Waste




7096-28744
ROUX ASSOCIATES
SAMPLE SUMMARY

DATE DATE

CLIENT ID LAB ID MATRIX COLLECTED| RECEIVED
GW-1 962874A-01 WATER 12/18/96 12/19/96
GW-~4 962874A-02 WATER 12/18/96 12/19/96
FB-12/18 962874A-03 WATER 12/18/96 12/19/96
TB 121896 962874A-04 WATER 12/18/96 12/19/9¢
GW-3 962874A-05 WATER 12/19/96 12/20/96
GW-3 962874A-05D WATER 12/18/96 12/20/96
GW-3 962874A-05MS WATER 12/19/96 12/20/96
GW-3 962874A-05MSD | WATER 12/19/96 12/20/96
GW-3 962874A-058 WATER 12/19/9¢6 12/20/96
GW-3/D 962874A-06 WATER 12/19/96 12/20/9¢
FB-12/19 962874A-07 WATER 12/19/96 12/20/96
TE 121996 962874A-08 WATER 12/19/96 12/2G/96




IEA-CT ANALYTICAL SUMMARY
Page:1

Client ID: GW-1, GW-4, FB-12/18, TB 121896, GW-3, GW-3, GW-3, GW-3/D, FB-
12/19, TB 121996, GW-3, GW-3
Job Number: 7096-2874A4

Unit Total
Qty Matrix Analysis Description Price Price

4 WATER AMMONTIA-350.2 . Ammonia
4 WATER BICARBONATE-406C Bicarbonate
4 WATER CARBONATE-2320B Carbonate
WATER CC-MISC Miscellaneous C1a551
W/ WATER CHLORIDE-325.2 . Chloride -
8 WATER CR6-5SW846 Hexavalent Chromlum
8 WATER FIUCRIDE-340.2 Fluoride . :
6 WATER MET-SW846-MISC Miscellaneous Metals
8 WATER MET-SW846-MISC-D Miscellaneous Metals
8 WATER NITRATE-353.2 Nitrate- Nltrogen
8 WATER NITRITE-353.2 Nitrite-Nitrogen
4 WATER SULFATE-375.4 Sulfate
4 WATER SULFIDE-376.1 Sulfide
4 WATER TOC-9060-DUP Total Organic Carbon
10 WATER VOA-CLP3.1-MISC Miscellaneous Volati




200 Monroe Turnpike Phone 203-261-4458
Monroe, Connecticut 06468 Fax 203-268-5346

An Aquarion Company

S ——
-

" -’
February 20, 1997
Mr. Larry Mctiernan
ROUX ASSOCIATES
1377 Motor Parkway
Islandia, NY 11788
Dear Mr. Mctiernan:
Please find enciosed the analytical results of 17 samples received at our
laboratory on January 21-23, 1997. This report contains sections
addressing the following information at a minimum:
sample summary . definition of data qualifiers and terminology
analytical methodology . analytical results
state certifications . chain-of-custody
IEA Report # 7097-0133A
Project ID: WOburn, MA
- Purchase Order # 06626Y08
Copies of this analytical report and supporting data are maintained in our files
for a minimum of five years unless special arrangements have been made. Unless
specifically indicated, all analytical testing was performed at this laboratory
location and no portion of the testing was subcontracted.
We appreciate your selection of our services and welcome any questions or sug-
gestions you may have relative to this report. Please contact your customer
service representative at (203) 261-4458 for any additional information. Thank
you for utilizing our services; we hope you will consider us for your future
analytical needs.
I have reviewed and approved the enclosed data for final release.
Very truly yours,
yiC. Curran
oratery Manager
Jce
s
Schaumburg, M. Bilterica, Whippany, Cary,
inois Massachusetts New Jersey Morth Carolina
847-705-0740 508-667.14C0 201-428-8181 919-677-0090

@ prinkad on recycied pager



7097-C133A
ROUX ASSOCIATES

Case Narrative

Metals - ICAP metals were determined using a JA6] simultaneous ICAP and a JASIE
trace ICAP using guidance provided in SW846 according to the following Methods:
ICAP-3010/6010.

Two "E" flags resulted from serial dilution analysis of gamp]e MC-11 for potas-
sium and sodium. There is no apparent reason for these flags.

Sample MC-1D was analyzed at a 1:10 dilution due to the high concentration of
analytes present in the sample.

No other problems occurred during analysis. A1l appropriate protocols were
employed. A1l data appears to be consistent.

IEC’s are electronically employed by the TJA ICAP-61 and ICAP JAG1E trace.
However, the ICSA is utilized as a monitoring device to detect any additional
adjustments that may be required. These modifications are calculated and ap-
plied manually. They are so noted in the raw data.

Classical Chemistry - Listed below are the wet chemistry analyte methods and
references for the samples analyzed in this SDG. Misc-cc 1 reported as DOC,
misc-cc 2 reported as ferrous iron, and misc-cc 3 reported as trivalent chro-
mium. No analytical problems were encountered and all holding times were met.

Analyte Method | Reference I

Ammoni a 350.1 o 1 |
Bicarbonate 23208 2
Carbonate 23208 2
Chloride 325.2 1
Fluoride 340.2 -1
DoC 9060 3
Ferrous Iron 3500-Fe D 2
Nitrate 353.2 1
Nitrite : 353.2 1
Trivalent Chromium 7196 3
Sulfide 376.1 1
Sulfate 375.4 1
| TOCD 9060 _ 3




References:

.1. Methods of Chemical Analysis of Water and Wastes, EPA 600, 1983.
2. Standard Methods for the Examination of Water and Wastewater. 18th edition,

1992.
3. Test Methods for the Evaluation of Solid Wastes, SW846, 3rd ed., 1986.

Yolatile Organics - Volatile organics were determined by purge and trap GC/MS
using USEPA CLP Protocols, OLM03.1. The instrumentation used was a Tekmar Dy-
namic Headspace Concentrator interfaced with a Hewlett-Packard Model 5972A

GC/MS/DS.

Sample MC-1D was analyzed at a 1:100 dilution due to a high target compound
concentration. -

No problems were encountered.



TABLE VO-1.0
7087-0133A
ROUX ASSOCIATES

MISCELLANEQUS VOLATILE ORGANICS

All values are ug/L.

Aqueous

N’
Method
Client Sample I.D. Blank GW-2 TB-01/20
Quant.
Lalb Sample I.D. VBLKD4 970133A-01 | 970133A-03 Limits
Method Blank I.D. VBLKD4 VBLEKD4 VBLEKD4 with no
Quant. Factor . 1.00 1.00 Dilution
Benzene = = .. . U Lo 10
Toluene :.‘{:5 oo GHRIL T U e e B T e U:f‘ri‘- T U :: B st 10
Date Received 01/21/%97 01/21/97
Date Extracted N/A N/A N/A
Date Analyzed 01/27/97 01/28/97 01/28/97

See Appendix for qualifier definitions

Note:

Quant. Factor

Compound detection limit =

sample dilution.

quantitation limit x quantitation factor
= a numerical value which takes into account any
variation in sample weight/volume, % moisture and




TABLE V0-1.1 Agqueous
7097-0133a
ROUX ASSOCIATES
MISCELLANEOUS VOLATILE ORGANICS

All values are ug/L.

S’

Client Sample I.D. MC-258 MC-2T MC-2D

Quant.
Lab Sample I.D. 970133A-04 | 970133A-05 | 970133A-06 Limits
Method Blank I.D. VBLEKD4 VBLKD4 VBLKD4 with no
Quant. Factor _ _ 1.00 1.00 ___1.00 Dilution
Benzene . ) . 1 u . N A .- A 10
Téluene: . el e e T e O e A L e e W e o e D
Date Received 01/22/97 01/22/97 01/22/97
Date Extracted N/A N/A N/A
Date Analyzed 01/28/87 01/28/587 01/28/97
See Appendix for qualifier definitiomns
Note: Compound detection limit = quantitation limit x quantitation factor

Quant. Factor = a numerical value which takes into account any

variation in sample weight/veolume, % moisture and
sample dilution.




TABLE VO-1.2
7097-0133A
ROUX ASSOCIATES

MISCELLANEOUS VOLATILE ORGANICS

All values are ug/L.

Agquecous

Quant. Factor

Benzene

| Toluene.: i

Date Received

Client Sample I.L. FB-01/21 TBE-01/21 GW-5
Qguant.
IL.ab Sample I.D. 970133A-07 | 970133A-08 |1 970133A-09 Limits
Method Blank I.D. VBELKD4 VBLEKD4 VBLKD4 with no
1.00 1.00 1.00 Dilution
_—_————
u u U 10
L U - BT '"":::-::,U—'f:‘;:"_-:_::'_:‘:"-‘ L U s s 10 .
01/22/97 01/22/97 01/22/97
Date Extracted N/A N/A N/A
01/28/97 o1/28/97 01/28/97

Date Analyzed

See Appendix for qualifier definitions

Note:

Quant. Factor

Compound detection limit = quantitation limit x quantitation factor

a numerical value which takes into account any

variation in sample weight/volume,

sample dilution.

% moisture and




TABLE VO-1.3
7097-0133A
ROUX ASESOCIATES

MISCELLANEOUS VOLATILE ORGANICS

All values are ug/L.

Aquecus

\r(

Method

Client Sample I.D. Blank FB~01/20 MC-18

Quant.
Lab Sample I.D. VBLED7 970133A-02 | 970133A-10 Limits
Method Blank I.D, VBLKD7 VBLEKD?7 VBLKD7 with no
Quant. Factor 1.00 1.00 1.00 Dilution
Benzene o _ ) LU u 160 |l 10
Toluene : 5 i A S i S ot g L NP RN I
Date Received 01/21/97 01/23/97
Date Extracted N/A N/a N/A
Date Analyzed 01/29/97 01/29/87 01/30/97

See Appendix for gualifier definitions

Note:

Quant. Factor

Compound detection limit = gquantitation limit x quantitation factor

a numerical value which takes into account any

variation in sample weilght/volume,

sample dilution.

% moisture and




TABLE VO-1.4 Aqueous
7097-0133a
ROUX ASSOCIATES
MISCELLANEOUS VOLATILE ORGANICS

- All values are ug/L.

MC-11I MC-1I
Client Sample I.D. MC-11 MS MSD

970133A-11 Quant.

Lab Sample I.D. 970133A-11 P70133A-11MS MsSD Limits
Method Blank I.D. VBLKD7 VBLEKD7 VBLKD7 with no
Quant. Factor 1.00 1.00 1.00 Dilution
F================:===================:____.._______._-=========.,J==-_======================
Benzene = _ | . .60 | =~ 200X 200X 10
Toluene: il b foonieaer e - L U L 86K e 46X - e - L0
Date Received 01/23/97 01/23/97 01/23/97
Date Extracted N/A N/A N/A
Date Analyzed 01/29/97 01/30/97 01/30/97

See Appendix for qualifier definitions
Note: Compound detection limit = quantitation limit x quantitation factor
Quant. Factor = a numerical value which takes inte account any
variation in sample weight/volume, % moisture and

gsample dilution.




TABLE VO-1.5
7097-0133A
ROUX ASSOCIATES

MISCELLANEOUS VOLATILE CRGANICS

All values are ug/L.

Agqueous

Client Sample I.D. MC-1I/R MC-38 MC-3I

Cuant.
Lab Sample I.D. 970133A-12 | 970133A-14 | 970133A-15 Limits
Method Blank I.D. VBLKD7 VBLEKDY7 VBLEKD7 with no
Quant. Factor 1.00 1.00 1.00 Dilution
%==========%—
Benzene - ‘ 160 ‘ U | U e 10
Toluené i isiic . el G SRR TR AEIE IR  EEI T RN {5 UDE | PR £ _
Date Received 01/23/97 01/23/87 01/23/97
Date Extracted N/A N/A N/A
Date Analyzed 01/30/97 01/30/97 01/30/97

See Appendix for gualifier definitions

Note:

Quant. Factor

Compound detection limit = guantitation limit x quantitation factor
a numerical value which takes into account any

variation in sample weight/volume,
sample dilution.

% moisture and




TABLE VO0-1.6
7087-0133A
ROUX ASSOCIATES
MISCELLANEQUS VOLATILE ORGANICS

Aqueous

hd All values are ug/L.

Client Sample I.D. MC-3D TB-01/22

Quant.

Lalb Sample I.D. 9701332a-16 | 970133A-17 Limits
Metheod Blank I.D. VBLKD?7 VBLKD7 with no
Quant. Factor . 1.00 1.00 Dilution
S5 e — =

Benzene v v o 10
Toluene . o R L e R ] e Rt A L
Date Received 01/23/97 01/23/97

Date Extracted N/A N/A

Date Analyzed 01/30/97 01/29/97

See Appendix for qualifier definitions

Note:

Quant. Factor

sample dilution.

Compound detection limit = quantitation limit x quantitation factor
= a numerical value which takes into account any

variation in sample weight/volume,

% molsture and




TABLE VO-1.7
7097-0133A
ROUX ASSOCIATES
MISCELLANEOUS VOLATILE ORGANICS

Adqueous

aatr All values are ug/L.
Method
Client Sample I.D. Blank MC-1D
Quant.

Lab Sample I.D. VBLKD9 570133A-13 Limits
Method Blank I.D. VBLEKDS VBLEKDSY with nco
Quant. Factor 1.00 100. Dilution
Benzene U 10
Toluene 1" U BRI 1.
Date Received 01/23/57

Date Extracted N/A N/A

Date Analyzed 01/30/97 01/30/97

See Appendix for qualifier definitions
Note: Compound detection limit = quantitation limit x quantitation factor
a numerical value which takes into account any
variation in sample weight/volume, % moisture and

Quant.

sample dilution.




TABLE AS-1.0
7097-0133A
ROUX ASSOCIATES

All values are ug/L.

MISCELLANEOUS ATOMIC SPECTROSCOPY (Dissolved)

Aquegus

Magnesium

Client Sample I.D.

Lab_ Sample I.D.

GW-2
970133A-01

FB-01/20
970133A-02

MC-285
970133A-04

MC-21
970133A-05

‘Potassium

See Appendix for qualifier definitions




TABLE AS-1.1 Adqueous
7097-01334
ROUX ASSQOCIATES
MISCELLANEQOUS ATOMIC SPECTROSCOPY (Dissolved)
bt All values are ug/L.
Client Sample I.D. MC-2D FB-01/21 GW-5 MC-18
970133A-07 | 970133A-09 | 970133A-10

Lab Sample I.D. 970133A-06

See Appendix for qualifier definitions




Lab Sample I.D.

TABLE AS-1.2 Aqueous
7097-0133Aa
ROUX ASSOCIATES
MISCELLANEOUS ATOMIC SPECTROSCOPY (Dissolved)
" All values are ug/L.
MC-11I MC-1X
Client Sample I.D. MC-1I D s MC-1I/R
970133A-11 | 970133A-11D| 970133A-118| 970133A-12

See Appendix for qualifier definitions




TABLE AS-1.3 Aqueous
T7097-0133A
ROUX ASSOCIATES
MISCELLANEOUS ATOMIC SPECTROSCOPY (Dissolved)
o All values are ug/L.
Client Sample I.D. MC-1D MC-358 MC-3T MC-3D
Lab Sample TI.D. 970133A-13 | 970133A-14 | 870133A-15 | 870133A~16

- L10000E:
1540000E

N R

See Appendix for qualifier definitions




TABLE AS-1.4
7097-0133A
ROUX ASSOCIATES

MISCELLANEOUS ATOMIC SPECTROSCOPY (Total)

All values are ug/L.

Aqueous

Magnesium
??Qﬁassiumf
Sodium

Client Sample I.D.

Lab Sample I.D.

GW-2

970133a-01

GW-5

970133A-09

See Appendix for qualifier definitions



1 SAMFLE NO.
WET CHEM ANALYSIS DATA SHEET

L . ame: IER Contract:

tab Code: IEA Case hNo.: O0133A SAS Moo o2 SDGE MNo.: AGLEE
Matriu: (soil/water) WATER Lab Sample ID: 0137001
4 8olids: FONOR Date Received: Q1/21/97

3
9]
~
r

Concentration Umits {(mg/L or mg/kg dry weight) =

Analvyte Concentration

BRICARE 2.8
= .00
1x.9

Q.10
0,28

7. R0 Lo,

H .G,

053 2=
1.34

O 0ns
a7 .
1.000
8.58

CAREOMATE

CHLORIDE

APIPICNIA . 2.11

1 CR-HEX

' FL.UQRIDE
» MISC-CC
a0 A
Lomise-ed 3
! NITRATE

v NITRITE

v SLLLFATE

SULFIDE
TOrCoD |

[ i
L 1
1 [}
1 1
1 ’
] ]
1 i
1 L
] 1
1 1
i L]
t 1
t 3
L} r
1 ]
L] r
1 1
1 1
1 1
1 1
1 1
i 1
] r
1 1
i i
1 1
3 1
1 1
i ]
] ]
1 1
1 1
t [}
[} 1
1 1
1 1
[} t
1 L]
L} i
1 1
1 1
L] )
1 ]
1 1
L} 3
L} ’
1 13
1 1
' L]
1 ]
L ]
1 ]
' L}
! 1
' ]
] b
L] L]
1 1

omments: YUSC -00 | DOC..

Mmisce-Ce 2 = Fercous T Kon
mige-Cl 3 = Trvalent Chmmium

FORM I — WC



1 SAMPLE NO.
WET CHEM ANALYSIS DATA SHEET

i “fame: IEA Contract:

St
Lab Code: 1EA Case No.: O133H 545 No. o+ SDG No.: AQLIZEE

Matrix: (soil/water) WATER lab Sample ID: OLIZOO04

% Solide: 0.0 Date Received: D1/22/97

Concentration Units (mgsil or mg/kg dry weight) @ mg/L

] ] 9 1 ] 1
P Analyte Concentration VB B} VoMo
: : S N
1 BICARE ' S5.4 ' , :
! CARBONATE e 1 B W I ' :
1 CHLORIDE H F7.8 H , H
v FILUORIDE \ Qo100 U . :
Y MIstC-col ' ANE S ! X ' :
_mige-ee A ! 3850 o | ' : ,
Vv BULFATE : 5. . \ |
BULFIDE ' 1.000 U | ' ;
v TOED . 29.1 ) : . i
: : ' : : l
b : E T S
' ; : : N :
! : o o
1 ] ] L] 1 t
\ i . . X X X
X . . \ X '.
] ] ] L] 1 ]
L] ] ] L} ] ]
1 1 1 [} r [l
‘(T :' T T
‘ ! : . : f

Tomments:  ISC -CC. ] = -D‘_OC,
mMise-00. 2 =  FerroulS Lron

FORM I - WC



- Mame: IER

1
WET CHEM AMALYSIS DATA SHEET

SAaMFLE NO.

Contract:

_ab Tode: IEA Case No.: D1ZIA 8A% No. SDG

latrivr: (=oil/water) WATER

I Solids:

Concentration

Lab Sample ID: O

0.0 Date Received: Ql/22/97

analyte ! Concentration

M

0

BICARE
CAREBONATE
CHLORIDE
FLUDRIDE
MIsC-CC
SULFATE
SuULFIDE
TOCD

112,
a0
Q0.6
0. 50

30, Js—
3,50 &=
o451 .
1.000

T
il

C

1
1
+
1
1
L]
)
]
L]
1
[}
1
1
1
L}
]
!
1
L
1
1
1
1
[}
]
1
L
1
1
1
1
1
L]
(]
L}
r
F
L]
1]
]
1
1
1
]
L}
L]
L}
L]
)
1
]
[}
3
]
L]
]
1
1

]
1
L}
¥
1
]
1
1
1
1
1
1
i
)
1
]
i
]
1
L]
1
1
1
L
1
1
i
L]
t
1
]
]
1
1
]
t
1
1
1
i
1
)
1
L}
1
i
[}
13
1
1
1
L}
L]
i
]
[}
t
L]

omments: YuC- 0]

—
-

Dol

No. =

EI005

Units (mo/L or mg/kg dry weight) @ mg/L

AO1EEA

misc-cca

1

Fermmus LTYon

FORM I ~ WC



1 SarMFLE NDO.
WET CHEM ANALYSIS DATA SHEET

MC-2D

L tame: IEA Contract:

i
Lab Code: IEA Case No.: 013348 SAS No. = SDG No.: AOLEE

Matrix: (soil/water) WATER Lab Sample ID: Q01lZE3006

% Solids: OO0 Date Received: 01/22/97

Concentration Units (mg/l or mg/kg dry weight) = mg/L

Analyte Concentration

RICARE
CAREDONATE
CHLORIDE
FLUDRIDE
Misc—ccl

musk-ced
SULFATE
SULFIDE
TOCD

R}

a2.7
1.000
A

i
1
1
]
1
t
T
1
)
L]
i
1
1
]
r
I
H
L]
1
1
1
1
[}
t
1
1
1
!
1
1
1
¥
1
1
t
L
t
1
!
]
1
1
1
1
]
L}
1
1
t
]
1
1
}
1
L]
L]
1
I

comments: MISC -CLI = Dol

MisC-0¢2 = Fercous LIon

FORM I — WC .



(. Mame:
LLahb 'fode:
Matrix:

4 Solide:

lomments: MIsC-cel 22_90&
nise—-eta = e

IEA

IEA

(s0il /fwater)

WET CHEM ANALYSIS DATA

Case No.:
WATER

0.0

1

Contract:

01374

GHEET

SAS NMo. s

Laby Sample ID:

Date

Concentration

]
L]
1
[}
1
r
]
i
1
1
L)
1
1
1
1
1
1
1
¥
L
¥
]
1
]
]
i
1
i
1
1
v
[
(]
f
1
1
1
1
I
1
1
1
1
1
¥
L]
L]
1
1
1
1
1
I
t
1
1
1
1

Feceived:

SAMFLE MO.

Urits (mg/l or mg/kg dry weight)

EDGE Neo. s
D1ZZ009

QL/22/797

Analyte

Concentration

0o

AMMONIA
RICARE
CAREBONATE
CHLORIDE
CR—HEX
FLUCKIDE
MIisc-cc
mee-6e2

NSCo e D

NITRATE
MITRITE
SULFATE
SULFIDE
Taco

g =9
PrE.
2,00
7.8

Q.01

Q. L00

19, e
LOSO -5
.o &
.29

O.0O20
4%1.
1,000
A29.5

L

e T

AGLIE

wS Tran

mise-003 Z"Trivalent+ Choomivuon

FORM I -

We



1 SAMELE NO.
WET CHEM AMALYSIS DATA SHEET

‘MC-18
L-" Name: IEA Contract: '
b 4
Lab Code: IEA Case No.: OLEEH S48 No. o2 500G Mo.: ATLZE
Matrix: (zoil/water) WATER lab Sample ID0: OLIE010
1 Solids: _ghglm Date Received: Q1/235/97

Concentrstion Uniks (mg/L or mg/kg dey weight} @ mg/L

Vo Analyvte | Concentration A N o A
* 1 1] 1 Fl 1
' BICARE H 745, 1 ' ' '
¢ CARRBONATE 2.00 0 U . H
v DHLORIDE H .2 ! , H :
I FLUCRIDE : QL1000 oo . :
ComMIsc-ce!l oo ! ' : !
HE (T Y (R T U S LOSO = : : !
VSULFATE , 450, | : ' '
PGULFIDE ! 1.000 0 U ' :
Vo TOCD . 17.7 ' \ '
: ' : : ' :
= a i i
\ ' : : ' : '
; : ' : ' :
1] 1 L] i L] 1
1] 1 1] 1) ¥ 1)
, T : . . .
X . . X . ;
1 [] 1 I 1 ]
' ' : ' ' :
' ' ' : ' :

lomments: _MNy3C-C01 = Dod
' misc-0ccz2.=  Ferrouws Tron

FORM I - WC



1 SAMFPLE NO.
WeT CHEM ANALYSIS DATA SHEET

L Name: IEA Comntract:

-
Lab Code: IEA Case pNo.: Q1Z3H 808 No. » SDE MNo.: ADL3EZS

Matrix: (=0il/water) BWATER Lab Sample ID: OL1l3ZZ011

A Solidsz: 0.0 Date Received: O01/23/97

Concentration Units (mg/l or mg/kg dry weight) ¢ marsl.

1 1 t 1 I 1
: Analyte ' Concentration M DO & R o
: ' : ) : :
! BICARR ! 2100, | X :
' CARRBONATE ! 10. ¢ : : :
! CHLORIDE ! GOLE : ' '
' FLUORIDE ¢ o.rg | ' : :
4 MISC-col o 5o +enr : ' '
I ' DRV & O S til0  ~=s— : ' :
! SULFATE ' 8E4. : ; :
! SBULFIDE ! 1.000 , U | ' '
VTQCcD : 44.9 ' | ;
w ; ; - -
] 1 ] 1 1 1
1 ] r [ 3 1
1 t ] 1] ] 1
] ] L] 1 L] ]
: : \ : ' : :

comments: MISC-CC L= Dod

mise-¢82 = I~rrous ] A

FORM I - WC



WET CHEM ANALYSIS DATA SHEET

i Name: IEA
"™ 4

1 SAMFLE MO,

MC--1D

Contract:

Lab Code: 1EA Caze No.: Q1334 SAS Mo. : DG MNo.: AQLIESR

Matrimx: {(soil/water) HATER

% Solids: 00

Concentration

Lab Sample ID: OLZ3I01E

Date Received: QL/23/97

Units (mg/L or mg/kg dry weight) @@ mg/L

Analyte

g

Comcentration

EICARE
CARBONATE
CHLORIDE
FLUORIDE
Misc-col
misc-0e 2

SULFATE
SUL.FIDE
TocD

1=Z40 .
Z.00

845.

G, 10

A 3o
LOS0D LBe
710,
1.000
PEI7.

u

u

L}
]
1
1
]
L
]
1
[
1
]
]
¥
]
]
]
1
1]
1
1
1
L]
]
]
]
1]
1]
1
1
13
o ,
1
1
1
]
T
1
(]
]
[
]
1)
1]
+
1
1
1
1 ]
]
[
1
]
]
1
¥
1
1
1

I 1
1 !
] ]
' ]
) L]
L L
I ]
1 L)
] 1
[ 1
1 I
1 1
1 1
b 1
1 )
' L
1 1
1 1
I 1
1 L}
1 2
1 '
1 1
1 [}
1 1
1 I
L] T
1 [}
i 5
1 i
L] 1
Ll 1
1 1
[ ]
L) 1
1 1
I b
1 ]
] [}
1 L]
1 1
I '
1 "
L L}
) 1
L) 1
1 ]
| 1
(] ]
[ [}
1 1
1 1
I L]
1 L
! )
3 1
' 1
1 1

comments: MNISE-CC1 = Thd

misg-ecz2 - Corepus Tron

FORM 1 — WC .



L-" MName: IEA

p g
Lab Code:

1R
Matrixs

4 Solads:

Concentration

1
b
1]
1
1
T
1
1
1
1]
1
]
]
]
]
]
1]
1
1
1
1
1
]
]
¥
]
1
1
1
1
wr )
i
]
1
L]
\
]
1
1
]
1]
L]
1
L
’
]
1
1
]
]
1
1
]
1
(]
]
L]
1

{soil/water)

1
WET CHEM AMNALYSIS DATA

Contract:

Case No.: Q1334 S&s
WATER

Units

¥
t
i
]
1
T

SAMELE NO.

MC-35

MNa .

Lab Samnle [D:

Date Received:

(mg/l. or mg/kg dry weight)

ShE Mo.:

Q1RZ0L4

Q1/25/97

: g/l

Analyte Eoncentration

BEICARE Tés

CHLORIDE 15
FLUORIDE
MISC-CC
misé-ee a

'
CARRONATE |

SU_FATE
SUL.FIDE

TOCH 1&

P T

wa 4

.ok ~rr

1.000

-
A

-r
Wt

.0

t
[}
1
1
]
t
1
[}
1
1
r
b
]
]
1
1
1
1
I
L]
1
i
I
1
¥
1
1
1
t
i
L
1
1
!
[}
t

comments: MISEC-CC| = Dol

ADLES

mep-¢0 2 =—

FCCrpusl TYCOY)

FORM I ~ WC



SAMPLE NO.

SET

SHI

DATA

WET CHEM AMNALYSIS

[
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IEA
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(solil/water)

Name
Solids:

b
l.ab Code
Matrix

L
“r

errous Lron
FOEM I - WC

-
g

1
1
1
L}
1
I
1
1
L}
L]
1
1
1
]
5
&
1
1
i
1
1
I
1
L]
1
1
L
i
1
1
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1
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1
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1 SAMFLE NO.
WET CHEM ANALYSIS DATA SHEET

MC~ZAD

. Name: IEA Contract:

_abvCode: IEA Case Moot 01334 SG8 No. o« 8DG No.: AQ13=

datrix: (=oil/water) WATIR Lab Sample ID: Q0133016

Y Bolids: Date Received: 01/25/97

Concentration Units {(mg/l. or mg/kg dry weight) : mg/L

2,00 Lt
141.
0,10
oY seer
3.10 O

=l

CAREONATE

Analvte : Concentration C IE] M
BICARE ' T1.2

i CHLORIDE
i FLUCRIDE
v MISC-CCH

mise-cal
SULFATE
SULF IDE
TOCE

1000

3.4

U

1
t
F
b
[}
f
]
'
t
1
]
1
T
L]
1
]
1
1
1
1
b
1
i
1
1
1
1
b
L
1
1
L)
1
1
1
L]
1
1
[
[
L}
L]
1
i
1
I
1
[}
I
1
]
r
L]
1
L]
1
1
1

1 E
1 ¥
[} 1
i [
1 1
[} i
1 ]
i 1
¥ 1
1 1
! 1
L] 1
] Il
L [}
1 1
1 1
1 t
1 t
v ]
[l [
1 1
1 ¥
1 1
i 1
1 '
1 |
1 1
i 1
1 1
L] 1
1 1
1 1
1 L
1 L]
1 |
] [l
1 1
1 1
[l t
Ll L
1 1
1 1
] 1
L] 1
1 1
1 L]
1 1
L) 1
1 r
] 1
L} 1
' '
b ]
1 1
1 1
1 L]
1 1
1 1

omments: MASE-0.0 | 51236.

mise-¢0c2 =  FeceousS Lyon

FORM 1 — WC



-

(1)
(2)

ORGANICS APPENDIX
Indicates that the compound was analyzed for but not detected.
Indicates that the compound was analyzed for and determined to be present
in the sample. The mass spectrum of the compound meets the identification

criteria of the method. The concentration listed is an estimated value,
which is less than the specified minimum detection Timit but is greater

than zero.

This flag is used when the analyte is found in the blanks as well as the
sampie. It indicates possible sample contamination and warns the data
user to use caution when applying the results of this analyte.

Indicates that the compound was analyzed for but not requested as an
analyte. Value will not be listed on tabular result sheet.

Estimated due to surrogate outlijers.

Matrix spike compound.

Cannot be separated.

Decomposes to azobenzene. Measured and caiibrated as azobenzene.

This flag indicates that a TIC is a suspected aldol condensation product.
Indicates that it exceeds calibration curve range.

This flag identifies a1l compounds identified in an analysis at a second-
ary dilution factor. '

Confirmed by GC/MS.
Compound present in TCLP blank.

This flag is used for a pesticide/aroclor target analyte when there is a
greater than 25 percent difference for detected concentrations between the
two GC columns (see Form X).



t

INORGANICS APPENDIX

-
C - Concentration qualifiers

U - Indicates analyte was not detected at method reporting limit.

B

T v == =T m

o cv

NR

- NC

]

Indicates analyte result between IDL and contract required detection limit
(CRDL)

Q - Q€ qualifiers
Reported value is estimated because of the presence of interference
Duplicate injection precision not met
Spiked sample reccovery not within control limits
The reported value was determined by the method of standard additions (MSA}

Post-digest spike recovery furnace analysis was out of B85-115 parcent
control limit, while sample absorbance was less than 50 percent of spike

absorbance

Duplicate analysis not within control limit

Correlation coefficient for MSA is less than 0.995
M - Method codes

ICP

Flame AA

Furnace AA

Cold vapor AA (manual)

Cyanide

Nof Required

Not Calculated as per protocols



N

STATE CERTIFICATIONS

In some instances it may be necessary for environmental data to be reported to
a regulatory authority with reference to a certified Taboratory. For your con-
venience, the Taboratory identification numbers for the IEA-Connecticut labora-
tory are provided in the following table. Many states certify laboratories for
specific parameters or tests within a category (i.e. method 325.2 for waste-
water). The information in the following table indicates the lab is certified
in a general category of testing such as drinking water or wastewater analysis.
The Taboratory should be contacted directly if parameter-specific certification

information is required.

IEA-Connecticut
Certification Summary (as of December 1996)

Department of Health Services Drinking Water,
Wastcwater
Department of Health and Environmental Drinking Water, -
Kansas Services Wastewater/Solid, E-210/B-1185
Hazardous Waste
Massachuscits Department of Environmental Protection Potable/Non-Potable CT023
I Water
New Hampshire Department of Environmental Services Drinking Water, 252891
Wastewalter
H New Jerscy Depariment of Environmental Proteciion Drinking Water, 46410
Wastewster

CLP, Drinking Water,

New York Department of Health Wastewater, Solid/ 10602
Hazardous Waste

i North Carolina Divizion of Environmental Management Wastewater 388 JI
ﬂ North Dakota Department of Health and Non-Potabic/Potable R-138
Consolidated Labaratorica Hazardous Waste
Oklahoma Department of Environmenta] Quality General Water Quality/ . 9614
Sludge Testing
Chemistry...Non-
Department of Health Potablc Water and. - Ad43
Wastewater

Department of Ecology Wastewater/ i c231
Hazardous Waste

Division of Environmental Protection

T T




7097-0133A
ROUX ASSOCIATES
S5AMPLE SUMMARY

DATE DATE

CLIENT ID LAB ID MATRIX COLLECTED | RECEIVED
GW-2 970133A-01 WATER 01/20/97 01/21/97
FB-01/20 970133A-02 WATER 01/20/97 0L/21/97
TB-01/20 970133A-03 WATER 01/20/97 01/21/97
MC-28 970133A-04 WATER 01/21/97 01/22/97
MC-21 970133A-05 WATER 01/21/97 01/22/97
MC-2D 970133A-06 WATER 01/21/97 01/22/97
FB-01/21 970133A-07 WATER 01/21/97 01/22/97
TB-01/21 970133A-08 WATER 01/21/97 01/22/97
GW-5 970133A-09 WATER 01/21/97 01/22/97
MC-18 970133A-10 WATER 01/22/97 01/23/97
MC-11I 970133A-11 WATER 01/22/97 01/23/97
MC-1T 970133A-11D WATER 01/22/97 01/23/97
MC-11I 970133A-11MS WATER 0L1L/22/97 01/23/97
MC-171 970133A-11MSD | WATER 01/22/97 01/23/97
MC-1I 970133A-118 WATER 01/22/97 01/23/97
MC-1I/R 970133A-12 WATER 01/22/97 01/23/97
MC-1D 970133A-13 WATER 01/22/97 01/23/97
MC-38 970133A-14 WATER 01/22/97 01/23/97
MC-31 970133A-15 WATER 01/22/97 01/23/97
MC-3D 970133A-16 WATER 01/22/97 01/23/97
TB-01/22 970133A-17 WATER 01/22/97 01/23/97




IEA-CT ANALYTICAL SUMMARY
page:1

Client ID: GW-2, FB-01/20, TB-01/20, MC-28, MC-2I, MC-2D, FB-01/21, TB-
¢1/21, GW-5, MC-18, MC-1I, MC-1I/R, MC-1D, MC-38, MC-3I, MC-3D,
TB-01/22, MC-11 ...

Job Number: 7097-0133A

Unit Total
Qty Matrix Analysis Degcription Price Price

2 WATER AMMONIA-350.2 Ammonla
11-WATER - ‘BICARBONATE-406C - .Bicarbonate
11 WATER CARBONATE 232OB Carbonate
371. WATER i~ (CC=MISCrH . wo-Miscellaneous «Classi

WATER CHLORIDE- 325 2 Chloride
%’ WATER = ' “CRE-SWB4E:- ST Hexavalent - Chromium:
11 WATER FLUORIDE-340. 2 ~ Fluoride o
L2 WATER- 6 ﬁMET,SW&%G,MISC;F,;E?;Mlscellaneous Metals & o
16 WATER MET-SW846- MISC D Miscellaneous Metals
5 2-WATER: - # NITRATE:Z353.:2- ¢ » JiNitrate-Nitrogen i . .o i i opdiah

NITRITE-353.2 Nitrite- Nltrogen _

"1 WATER: 0 SSULFATE=-37504 - -0, unrigulfate Ll TR

11 WATER SULFIDE-376.1  Sulfide . -

AL WA i TOGR9060-DUP- <t i TotalvOrganic iCarbon .y
VOA-CLP3.1-MISC Miscellaneous Volati
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Iy 200 Monroe Turnpike Phone 203-261-4458
0. Monroe, Connecticut 06468 Fax 203-268-5346
A ——
o

An Aquarion Comgany

February 24, 1997

S
Mr. Larry Mctiernan
ROUX ASSOCIATES
1377 Motor Parkway
Islandia, NY 11788
Dear Mr. Mctiernan:
Please find enclosed the analytical results of 10 samples received at our
taboratory on January 24, 1997. This report contains sections addressing the
following information at a minimum:
sample summary . definition of data qualifiers and terminology
analytical methodology . analytical results
state certifications . chain-of-custody
IEA Report # 7097-0177A
Project ID: Woburn, MA
Purchase Order # 06626Y08
N . . . . . : .
Copies of this analytical report and supporting data are maintained in our files
for a minimum of five years unless special arrangements have been made. Unless
specifically indicated, all analytical testing was performed at this laborateory
Tocation and no portion of the testing was subcontracted.
We appreciate your selection of our services and welcome any gquestions or sug-
gestions you may have relative to this report. Please contact your customer
service representative at (203) 261-4458 for any additional information. Thank
you for utilizing our services; we hope you will consider us for your future
analytical needs.
I have reviewed and approved the enclosed data for final release.
Very truly yours,
-
¢. Curran
Manager
JCC
W
Schaumburg, M. Billerica, Whippany, Cary,
1tinois Massachusetts New Jersey Morth Carolina
847.705.0740 508-667-1400 201-428-8181 919.677.0090

@ priskad on recycled paper



7097-0177A
ROUX ASSOCIATES

Case Narrative

Classical Chemistry. Listed below are the Classical Chemistry methods and ref-
erences for all samples analyzed in this SDG. Total sulfur will be sent as an
addendum. No problems were encountered and all holding times were met.

I Analyte Method , Reference

£ D-1498 2

l pH 9045 1 ,
Hexavalent 7196 1
Chromium

AVS EPA 821/R-90-100 3 I
TOCD 9060 o1 |
References:

1. Test Methods for the Evaluation of Solid Wastes,SW846,3rd ed.,1986.
2. USACOE "Method for Oxidation-Reduction Potential of Water and Sediment Sam-

ples."
3. USEPA,Methods for Chemical Analysis of Water and Wastes,EPA 600/4-79-020,

1983.

Metals - ICAP metals were determined using a JA61E trace ICAP using guidance
provided in SW846 according to the following Methods: ICAP-3050/6010.

No problems occurred during analysis. A1l appropriate protocols were employed.
All data appears toc be consistent.

IEC’s are electronically employed by the TJA ICAP-61 and ICAP JAGIE trace.
However, the ICSA is utilized as a monitoring device to detect any additional
adjustments that may be required. These modifications are calculated and ap-
plied manually. They are so noted in the raw data.

VYolatile Organics - Volatile organics were determined by purge and trap GC/MS
using USEPA CLP Protocols, OLM03.1. The instrumentation used was a Tekmar Dy-
namic Headspace Concentrator interfaced with a Hewlett-Packard Model 5972A

GC/MS/DS.

No problems wera encountered.



TABLE VO-1.0
7097-0177A
ROUX ASSOCIATES

MISCELLANEQUS VOLATILE

OCRGANICS

All values are ug/Kg dry weight basis.

Soil

Method SED3/0-0.5

Client Sample I.D. Blank SED3/0-0.5 MS
Quant.

Lak Sample I.D. VBLKDS 970177A-01 P70177A-01MS8| Limits
Method Blank I.D. VBLKDS8 VBLKDS VBLEKDS with no
Quant. Factor 1.00 1.45 1.45 _Dilution
Benzene u .U 64X 1o
Toluene o AU"EC;"":'_E_:V:':.::‘jj:‘.;.".._ T TEX: i+
Date Received 01/24/97 01/24/97
Date Extracted N/A N/A N/A
DPate Analyzed 01/30/97 01/30/97 01/30/97

See Appendix for qualifier definitions

Note:

Compound detection limit =
Quant. Factor =

sample dilution.

quantitation limit x quantitation factor
a numerical value which takes into account any
variation in sample weight/volume, % moisture and




TABLE VO-1.1
7097-0177A
ROUX ASSOCIATES

MISCELLANEQUS VOLATILE ORGANICS

Soil

All values are ug/Kg dry weight basis.

SED3/0-0.5
Client Sample I.D, MSD SED3/0.5-1 | SEDP3/1-1.5

S970177A-01 Quant.
Lab Sample I.D. MSD 970177A-02 970177A-03 Limits
Methed Blank I.D. VBLKDS VBLXDE VBLEKDS with no
Quant. Factor 1.45 1.26 1.23 Dilution
Benzepe = 4. 83X 0 LU . l....u ... 1o
Toluene i i i i i S R 1\
Date Received 01/24/87 01/24/57 01L/24/97
Date Extracted N/Aa N/a N/A
Date Analyzed 01/30/97 01/30/97 01/30/97

See Appendix for qualifier definitions

cquantitation limit x quantitaticn factor

Note: Compound detection limit =
Quant. Factor = a numerical wvalue which takes into account any
variation in sample weight/volume, % moisture and
sample dilution.
b "4




TABLE VO-1.2 Soil
7097-0177A
ROUX ASSOCIATES
MISCELLANEQUS VOLATILE ORGANICS

S’ All wvalues are ug/Kg dry weight basis.
Client Sample I.D. SED3/1.5-2 | SED3/2-2.5 | BED4/0-0.5
Quant.

Lab Sample I.D. 970177A-04 | 970177A-05 | 970177A-068 Limits
Method Blank I.D. VBLKDS VBLEDS VBLKDS with no
Quant. Factor 1.25 1.23 3.85 Dilution|
Benzene U U U 10
Toluene: R R I A IR e 210

] = =
Date Received 01/24/97 01L/24/97 01/24/97
Date Extracted N/A N/A N/A
Date Analyzed 01/30/97 01/320/87 01/30/97

See Appendix for qualifier definitions
= quantitation limit x quantitation factor

Note: Compound detection limit
Quant. Factor a numerical value which takes into account any
variation in sample weight/volume, % moisture and
sample dilution.



TABLE VO-1.3 Soil
7097-0177A
ROUX ASSCCIATES
MISCELLANEQUS VOLATILE ORGANICS

All values are ug/Kg dry weight basis.

e’

Client Sample I.D. SED4/0.5-1 | sSED4/1-1.5 | 8ED4/1.5-2

Quant.
Lab Sample I.D. 970177A-07 970177A-08 | 970177A-09 Limits
Method Blank I.D. VBLKDS& VBLXDS VEBLEDS with no
Quant. Factor 3.57 3.22 4.00 Dilution
Benzene ) L e Lo 10
Toluene: .. 0T IEETE E R B o) SR 1 A I D N
Date Received 01/24/97 01/24/97 01/24/57
Date Extracted N/A N/A N/A
Date Analyzed 01/30/97 01/30/97 01/30/97

See Appendix for qualifier definitions
Note: Compound detection limit = quantitation limit x quantitation factor
Quant. Factor = a numerical value which takes into account any
variation in sample weight/volume, % moisture and

sample dilution.




TABLE AS-1.0 Soil
7097-0177Aa
ROUX ASSOCIATES
MISCELLANEQUS ATOMIC SPECTROSCOPY
All values are mg/Kg dry weight basis.
SED3/0-0.5 | SED3/0-0.5
Client Sample I.D. SED3/0-0.5 D 8 SED3/0.5-1
970177A-01 | 970177A-01D} 9701772-015] 970177A-02

Lab Sample I.D.

26.3

See Appendix for qualifier definitions




All valuee are ug/Kg dry weight basis.

TABLE VO-1.4
7097-0177A
ROUX ASSQOCIATES
MISCELLANEOQUS VOLATILE ORGANICS

Soil

Client Sample I.D.

SED4/2-2.5

Quant.
Lab Sample I.D. 970177A-10 Limits
Method Blank I.D. VBLKDS with no
Quant. Factor - 1.30 . Dilution
Benzene = L U % , , . .10
Toluene & i S e L i o _ G L e g S N s
Date Received 01/24/97
Date Extracted N/A
Date Analyzed 01/30/97

See Appendix for qualifier definitions
Compound detection limit = quantitation limit x quantitation factor

HNote:

Quant.

Factor

a numerical value which takes into account any
variation in sample weight/volume, % moisture and
sample dilution.




TABLE AS-1.1
7097-0177A

ROUX ASSOCIATES
MISCELLANEQUS ATOMIC SPECTROSCOPY

All values are mg/Kg dry weight basis.

Soil

Client Sample I.D.

‘Chromium

SED3/1-1.5

Lab Sample I.D S70177A-03

SED3/1.5-2
970177A-04

SED3/2-2.5 | SED4/0-0.5

970177A~-05 | 970177A-06

6.0

6.1

664 .

See Appendix for qualifier definitions




TABLE AS-1.2 Soil
7097-0177A
ROUX ASSOCIATES
MISCELLANEOUS ATOMIC SPECTROSCOPY
L All values are mg/Kg dry weight basis.

Client Sample I.D. SED4/0.5-1 | SED4/1-1.5 | SED4/1.5-2 | SED4/2-2.5
Lab Sample I.D. 970177A-07 | 970177A-08 | 970177A-09 | 970177A-10
Chromium

See Appendix for qualifier definitions




SAMFLE NO.

WET CHEM ANALYSIS DATA SHEET

/O-0,3

-
!

SED

-
-

Contract

: JTEA

Name

aoiz7

SDE No.

SAS MNo.

D177A

Case No.

IEA

Lab Code

Q177001

Lab Sample 1ID:

SOIL

(=il /water}

Matriu:

Q1/ 28797

Pate Received

Mot

Solids:

b

mg /Ky

{ma/- or mg/kg dry weight)

Units

Concentration

Concentration

~Cel

-~
o

CR-HEX

ISt

my

= ymele ]q

units =

ac-ccl = AVS  un
= EH

N
mst-e0a

omments

-
-

WC

FORM I



SAMPLE NO.

WET CHEM ANALYSIS DATA SHEET

Contract

IEA

L2t Name

ALL77

SDG No.

5AS No.

1778

Case No.

Lawtbode: 1EA

102

0177¢

Lab Sample ID

(s0il/water) S0OIL

Matirixs:

2 QL/24/97

Received

Date

772

Solids:

7

mg/ kg

-
-

Concentration Units (mg/L or mg/kg dry weight)

Concentration

Analyte

R-~-HEX

1sc-cCi
18000

D Qi -

S NS N T e AR e c- mE AT AR T e mm mE MM e 4 —m oan o m— -

AVS  wmole [q
my/

T EHN

s E-CCI
WYuse-0cg

omments

-
-

WC

FORM 1



SAMFLE NO.

WET CHEM ANALYSIS DATA SHEET

/1-1.5

SEDZ

=

Contrarct

~ Name: IEA

L

AQL77

SDG No.

8A5C No.

Q17748

Case No.

LaWCode: IEA

0TS

017 7¢

Lab Sample ID

{soil/water) SO0IL

Matrix

4,97

-
e

Ql/

Date Received

",

Solids:

“

mg /S ¥.g

(mg/L or mg/kg dry weight)

Concentr-ation Units

=

b —...n._ 1yl ]
- _7 o
o 3 .0
rod o
T b ( -~

Concentration

Analyte
R~HEX
=
cD

imple ’q
my/

cel = AVE

E

-
e

misSg-

Comments

misc-Cea

- WC

FORM 1



SAMFLE NO.

WET CHEM ANALYSIS DATA SHEET

-2
o

SEDZ/1.5

Contract:

IEA

L-- Name

La¥Crde

Matrix

AROL1T77

5DG No.

SAS Mo.

017768

Case No.

IEA

04

V1770

Lab Sample ID

(spil/water) S0IL

: QL/24/97

Received

Date

Solids:

Z

mg /7 Kg

Concentration Units (mg/L or mg/kg dry weight)

C
U
(s

1
L
1
i
1
b
'
L}
L
L]
1
1
[
1
¥
i
I
L}

0

&.78
1430,

0,21
O.03
Fatars s

Concentration
i gO

Analyte
-CcCc|

MIS:
FH
TOCD

CR—-HEX
mise-dca

- e mT mEm ke mm Y ae AW mm m mm me —w =

t&mole./q
my:

AVS
EH

e

omments: YIiSC-00 ) =
mise-ca2

-
-

WwC

FORM I



SAMFLE NO.

WET CHEM ANALYSIS DATA SHEET

Contract

IEA

L=h Name

L MCode

ALL77

SDG No.

SAS No.

01774

Case NO.

IEA

1o 3]

017714

Lab Sample ID

(solil/water) SOIL

Matrix:

O1/24/97

Received:

Date

Bl

Solids:

“

ma/ kg

{mg/L or mg/kg dry weight)

Concentration Units

Eoncentration

Urwle /9

5000 = fAyS

Sc-80 2

EH my

e
-

m

-
-

omments

s

WC

FORM I



SAMFLE NO.

WET CHEM ANALYSIS DATA SHEET
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1
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-
Lt
Ul
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T

L

BT

C
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[

L
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o
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E
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L

i

_J
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SDE No.

5A5 Na.

1177R

]

Case No.

= IEA

LawCode

Materix

WIS

D177

Lab Sample ID

{soil/water) SOIL

: Q1724797

Received

Date

Solids:

A

mg ./ kg

{(mg/_ or mg/kg dry weight)

Concentration Units

Concentration

1
1
1
f

Analyte

mm M mA mE ER au R ke M MR mm om = o o= -

™ e - e mL ww o =

u
-

[}
i
1
1
[}
T
L]
L}
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L]
]
]
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L8 T
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.
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* 0O 9
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o . +
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my/

AvsS
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-

Yu s
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-
-+
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FORM 1



SAMFLE NO.

WET CHEM AMALYSIS DATA SHEET

SED4/0.5—-1

Contract

IEA

Lab Name:

L Code

0177

¢

SDG No.:

5A8 No.

0177/

Case No.

IEAR

107

01771

lLabh Sample ID

(spil/water) S0OIL

Matrinx:

W1/724/97

i

Received

Date

Solids:

“

mg/ Kg

Concentration Units (mg/L or ag/kg dry weight)

X

B

Concentration '

fnalyte

CR—-HEX

L]
]
L]
i
[}
1
]
]

L}
1
[}

1

L
“+t+
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1Z1Oererers
- 34,0
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my/ 4
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-
-—
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-
-

0042

omments: SC Lo

-
—

mi

- WC

FORM 1



SAMFLE NO.

WET CHEM ANALYSIS DATA SHEET

1SED4/1-1.5

Contract

IEA

L -+~ Name

Law*Code

01776 SAS No. : __ SDG No.: AO177

Case No.:

IEA

'8

DLI77OC

Lab Sample ID:

(soil/water) SOIL

Matriuw:

O1/24/97

Date Received

Lok

Solids:

A

moy /¥.g

"
-

weight)

{mg/L ar mg/kg dry

Concentration Units

Concentration

alvte

An

OO .

238¢

uJMEhL’q

nvs

-
-

=

my/

EH

omments: _MMise -0Li

-
—

mise-0¢eza =

WC

FORM 1



SAMFLE NO.

WET CHEM ANALYSIS DATA SHEET
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L M oce
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IEA
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Lalbh Sample ID
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Matrix
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Received
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Solids:

%
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Concentration Units (mg/L or mg/kg dry weight)

=
u
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1
i
1
]
1
1
]
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I
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SAMFLE NO.

WET CHEM ANALYSIS DATA SHEET

Contract:

IEA

L ~+ Name

L Code
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SAS No.
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IEA
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Lab Sample ID
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;-
N -
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Received
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mg /g

Concentration Units (mg/L or mg/kg dry weight)
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6£.88
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ORGANICS APPENDIX _
Indicates that the compound was analyzed for but not detected.
Indicates that the compound was analyzed for and determined to be present
in the sample. The mass spectrum of the compound meets the identification

criteria of the method. The concentration listed is an estimated value,
which is less than the specified minimum detection 1imit but is greater

than zero.

This flag is used when the analyte is found in the blanks as well as the
sample. It indicates possible sample contamination and warns the data
user to use caution when applying the results of this analyte.

Indicates that the compound was analyzed for but not requested as an
analyte. Value will not be listed on tabular result sheet.

Estimated due to surrogate outliers.

Matrix spike compound.

Cannot be separated.

Decomposes to azobenzene. Measured and calibrated as azobenzene.

This flag indicates that a TIC is a suspected aldol condensation product.
Indicates that it exceeds calibration curve range.

This flag identifies all compounds identified in an analysis at a second-
ary dilution factor.

Confirmed by GC/MS.
Compound present in TCLP blank.

This flag is used for a pesticide/aroclor target analyte when there is a
greater than 25 percent difference for detected concentrations between the
two GC columns {see Form X).



X v Z =EE m

cv

NR
NC

INORGANICS APPENDIX

C - Concentration qualifiers

Indicates analyte was not detected at method reporting limit.

%ndicates analyte result between IDL and contract required detection limit
CROL)

Q - QC qualifiers
Reported value is estimated because of the presence of interference
DupTicate injection precision not met |
Spiked sample recovery not within control limits
The reported value was determined by the method of standard additions (MSA}

Post-digest spike recovery furnace analysis was out of 85-115 percent
control limit, while sample absorbance was less than 50 percent of spike

absorbance
Dupticate analysis not within control Tlimit
Correlation coefficient for MSA is less than 0.995

M - Method codes

Icp

Flame AA

Furnace AA

Cold vapor AA (manual)
Cyanide

Not Required

Not Calculated as per protocals



STATE CERTIFICATIONS

In some instances it may be necessary for environmental data to be reported to
a regulatory authority with reference to a certified laboratory. For your con-
venience, the laboratory identification numbers for the IEA-Connecticut 1abora-
tory are provided in the following table. Many states certify laboratories for
specific parameters or tests within a category (i.e. method '325.2 for waste-
water). The information in the following table {indicates the Tab is certified
in a-general category of testing such as drinking water or wastewater analysis.
The 1aboratory should be contacted directly if parameter-specific certification

information is required.

IEA-Connecticut
Certification Summary (as of December 1986)

Connccticut Department of Health Services Drinking Water, PH-0497
Wastewater
Department of Health and Environmental Drinking Water,
Kansas Services Wastewater/Solid, E-21G/B-1185
Hazardous Waste
Massachusetts Department of BEnvironmental Protection Potable/Non-Potable CTO23
Z7TT Water
New Hampshire Department of Environmental Services Drinking Water, 252891
Wastewater
New Jersey Department of Environmental Protection Drinking Water, 46410 )
Wastewater

CLP, Drinking Water,

MNew York Department of Health Wastewater, Solid/ 10602
Hazardous Waste

North Carolina Division of Environmental Management Wastcwater 338

North Dakota Department of Health and Non-Potable/Potable R-138
Consolidated Laboratorics Hazardous Waste

Oklahoma Department of Environmental Quality General Water Quality/ 9614 -
Sludge Testing

Chemistry...Non-

Rhode Ieland Department of Health Potable Water and Ad43

. Wastewater
‘Wazhington Department of Beology Wastcwater/ . C231

Hazardous Waste

West Virginia Division of Environmental Protection Wastewster/ . 263
Hazardous Waste




7097-0177A
ROUX ASSOCIATES
SAMPLE SUMMARY

DATE DATE

N CLIENT ID LAB ID MATRIX COLLECTED| RECEIVED
SED3/0-0.5 970177A-01 SOIL 01/23/97 | 01/24/97
SED3/0-0.5 970177A-01D SOIL 01/23/97 | 01/24/97
SED3/0-0.5 970177A-01MS SOIL 01/23/97 | 01/24/97
SED3/0-0.5 970177A-01MSD | SOIL 01/23/97 | 01/24/97
SED3/0-0.5 970177A-018 SOIL 01/23/97 | 01/24/97
SED3/0.5-1 970177A-02 SOIL 01/23/97 | 01/24/97
SED3/1-1.5 970177A-03 SOIL 01/23/97 | 01/24/97
SED3/1.5-2 970177A-04 S0IL 01/23/97 | _01/24/97
SED3/2-2.5 970177A-05 SOIL 01/23/97 | 01/24/97
SED4/0-0.5 9701774-06 SO1IL 01/23/97 | 01/24/97
SED4/0.5-1 970177R-07 SOIL 01/23/97 | 01/24/97
SED4/1-1.5 970177A-08 SOIL 01/23/97 | 01/24/97
SED4/1.5-2 970177A-09 SOIL 01/23/97 | 01/24/97
SED4/2-2.5 9701772-10 SOIL 01/23/97 | 01/24/97




IEA-CT ANALYTICAL SUMMARY
Fage:l

Client ID: SED3/0-0.5, SED3/0.5-1, SED3/1-1.5, SED3/1.5-2, SED3/2-2.5,
SED4/0-0.5, SED4/0.5-1, SED4/1-1.5, SED4/1.5-2, SED4/2~2.5,
SED3/O—O.S, SEDB/O-O.S, SEDB/O-O.S, SED3/0-0.5

Job Number: 7097-0177A

Unit Total
Qty Matrix Analysis Description Price Price

CC-MISC Miscellaneous Classi
B0 SOTE i TCRE-SWB46 i i e THexavalent Chromium, ol s
12 SOIL MET - SW846 MISC Mlscellaneous Metals
LOESOIL Y Hi T PHI 9045 L U pHE : R
7 SOIL ~TOC- 9060- DUP Total Organlc Carbon_
W2 SOIL: i WOA-CLP31-MISC = - Miscellaneous volati.

10 soIL




200 Manroe Turnpike Phone 203-261-4458
Monroe, Connecticut 06468 Fax 203.268-5346

An Aquarion Company

|\ J—
April 8, 1897
Mr. Larry Mctiernan
ROUX ASSOCIATES
13 Branch Street
Suite 13
Methuen, MA 01844
Dear Mr. Mctiernan:
Please find enclosed the analytical results of 10 samples received at our
laboratory on January 24, 1997. This report contains sections addressing the
following information at a minimum:
sample summary . definitions of data qualifiers and terminology
analytical methodology . analytical results
state certifications . chain-of-custody
1EA Report #7097-0177A Addendum Purchase Order #06626Y08 |
Project ID: Woburn, MA "
v
Copies of this analytical report and supporting data are maintained in our files
for a minimum of five years unless special arrangements have been made. Unless
specifically indicated, all analytical testing was performed at this laboratory
Tocation and no portion of the testing was subcontracted.
We appreciate your selection of our services and welcome any questions or sug-
gestions you may have relative to this report. Please contact your customer
service represantative at (203) 261-4458 for any additional information. Thank
you for utilizing our services; we hope you will consider us for your future
analytical needs.
I have reviewed and approved the enclosed data for final release.
/ ery truly %furs, 7
[ wLafeltin
- “Jeffrey C. Curran
Laboratory Manager
JCC/ab
Schaumburg, N, Billerica, Whippany, Cary,
Hinois Massachusetts New Jersey Nortn Carolina
84771050740 508-667-1400 201.428-8181 919-677-0090

@ printid on regycled pape:



7097-0177A Addendum
ROUX ASSOCIATES

Case Narrative

Classical Chemistry - Ten samples were analyzed for total Sulfur following ASTM
method D129. No analytical problems were encountered.
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STATE CERTIFICATIONS

In some instances it may be necessary for environmental data to be reported to
a regulatory authority with reference to a certified laboratory. For your con-
vanience, the 1aboratory identification numbers for the IEA-Connecticut labora-
tory are provided in the following table. Many states certify laboratories for
specific parameters or tests within a category (i.e. method :325.2 for waste-
water). The information in the following table indicates the lab is certified
in a-general category of testing such as drinking water or wastewater analysis.
The Taboratory should be contacted directly if parameter-specific certification
information is required.

IEA-Connecticut
Certification Summary (as of December 1996)

Connecticut Department of Health Services Drinking Water, PH-0497
Wastewater
Department of Health and Environmental Drinking Water,
Kangas Services Wastewater/Solid, E-210/E-1185
Hazardous Wastc
Massachusetts Dcpartment of Environmental Protection Potable/Non-Potable CT023
27 Water
New Hampshire Department of Environmental Services Drinking Water, 252891
Wastewater
New Jerscy Department of Environmental Protection Drinking Water, 46410
Wastcwater

CLP, Drinking Water,

New York Department of Health Wastewatcer, Solid/ 10602
Hazardous Waste
North Carolina Division of Environmenta! Management Wastcwater 388
Nerth Dakota Department of Heakh and Non-Potable/Potable R-138
. Consolidated Leboratorics Hazardous Waste
Oklahoma Department of Environmeatal Quality Generad Water Quality/ 9614 -
Sludge Testing
Chemistry.. . Non-
Department of Health Potable ' Water and Ad3
.. Wastcwater

Wastewater/

. Department of Ecology

Divition of Environmeatal Protection




T OB Z =T m

cv

NR
NC

INORGANICS APPENDIX

C - Concentration qualifiers

Indicates analyte was not detected at method reporting limit.

Indicates analyte result between IDL and contract required detection Timit
(CRDL)

Q - QC qualifiers
Reported value is estimated because of the presence of interference
PDuplicate injection precision not met
Spiked sample recuvery not within control limits
The reporfed valuo was determined by the method of standard additions (MSA)

Post-digest spike recovery furnace analysis was out of 85-115 percent
control limit, while sample absorbance was less than 50 percent of spike

absorbance
Duplicate analysis not within control limit
Correlation coefficient for MSA is less than 0.995

M - Method codes
ICp

Flame AA

Furnace AA

Cold vapor AA (manual)
Cyanide

Not Required

Not Calculated as per protocols



7097-0177A
ROUX ASSOCIATES
SAMPLE SUMMARY

DATE DATE

CLIENT ID LAB ID MATRIX COLLECTED| RECEIVED
SED3/0-0.5 970177A-01 SOIL 01/23/97 01/24/97
SED3/0-0.5 970177A-01D SOIL 01/23/87 01/24/97
SED3/0-0.5 970177A-01MS S0IL 01/23/87 01/24/97
SED3/0-0.5 970177A-01MSD | SOIL 01/23/97 01/24/97
SED3/0-0.5 970177A-018 S01IL 0i1/23/97 01/24/97
SED3/0.5-1 970177A~02 SOIL 01/23/97 01/24/97
SED3/1-1.5 970177A-03 SOIL 01/23/97 01/24/97
SED3/1.5-2 970177A-04 SOIL 01/23/97 01/24/97
SED3/2-2.5 970177A-05 SOIL 01/23/97 01/24/97
SED4/0-0.5 970177A-06 SOIL 01/23/97 01/24/97
SED4/0.5-1 970177A-07 SOIL 01/23/97 01/24/97
SED4/1-1.5 970177A~-08 SOIL 01/23/97 01/24/97
SED4/1.5-2 970177A;09 SOIL 01/23/97 01/24/97
SED4/2-2.5 970177A-10 SOIL 01/23/97 01/24/97




IEA-CT ANALYTICAL SUMMARY
Page:l

Client ID: SEDB/D"O.S, SED3/D 5-1, SED3/1 1.5, SED3/1.5—2, SED3/2~2.5,
SED4/O—D.5, SED4,/0.5-1, SED4/1-1. SED4/1.5-2, SED4/2-2.5,
SED3/0-0.5, SED3XO-O.5, SED3/0-0. SED3/0-0.

Job Numbexr: 7097-0177A

Unit Total
Qty Matrix Analysis Description Price Price

10 SOIL CC MISC Miscellaneous Classi
“10.80IL: e wCRE-EWB46 ¢ L dHexavaléntaChromiam, el s ol

12 SOIL MET-SW846 - MISC Mlscellaneous Metals_

"QSOIL i iPHA9045 i T S p
W’ SOIL VVTOC -9060-DUB Total Organlc Ca bon.

S L2.80IL " il - VOASCLP3ULZMISCH | * . Miscellaneous Volati




An Aguarion Comgany

e 200 Menroe Turnpike Phone 203-261-4458

0 Monroe, Connecticut 06468 Fax 203-268-5346

O ——

'
- American Environmental Network

b | May 02, 1997

Mr. Larry Mctiernan
ROUX ASSOCIATES

13 Branch Street
Suite 13

Methuen, MA 01844

Dear Mr. Mctiernan:
Please find enclosed the analytical results of 3 samples received at our

laboratory on April 11, 1997. This report contains sections addressing the
following information at a minimum:

sample summary . definition of data qualifiers and terminology
analytical methodology . analytical results
state certifications . chain-of-custody
IEA Report # 7097-0818A
Project 1ID: Woburn, MA
Purchase Order # 06626Y08
S
Copies of this analytical report and supporting data are maintained in our files
for a minimum of five years unless special arrangements have been made. Unless
specifically indicated, all analytical testing was performed at this laboratory
location and no portion of the testing was subcontracted.
We appreciate your selection of our services and welcome any questions or sug-
gestions you may have relative to this report. Please contact your customer
service representative at (203) 261-4458 for any additional information. Thank
you for utilizing our services; we hope you will consider us for your future
analytical needs.
I have reviewed and approved the enclosed data for final release.
Very truly yours,
( e
Curran
Manager
JCC
L™
Schaumburg, M. Billerica, Whippany, Cary,
lllinois Massachusetts Mew lersey Morih Carolina
847-705.0740 508-667-1400 201-428-5181 9196770090

@ prirted on rasyeled papes



7097-0818A
ROUX ASSOCIATES

Case Narrative

Metals - ICAP metals were determined using a JAG1E trace ICAP using guidance
provided in SW846 according to the following Methods: [CAP-3050/6010.

No problems occurred during analysis. All appropriate protocols were employed.
A1l data appears to be consistent.

JIEC’s are electronically employed by the JAGIE trace ICAP. However, the ICSA is
utilized as a monitoring device to detect any additional adjustments that may be
required. These modifications are calculated and applied manually. They are so
noted in the raw data.

Classical Chemistry. Listed below are the Classical Chemistry methods and
references for all samples analyzed in this SDG. Eh reported as misc-cc. No

problems were encountered.

Analyte I Method l Reference !
I Eh D-1498 2
l pH 9045 1
Hexavalent 7196 1
Chromium |
TOCD , 9060 I 1
References:

1. Test Methods for the Evaluation of Solid Wastes,SW846,3rd ed.,1986.
2. USACOE "Method for Oxidation-Reduction Potential of Water and Sediment

Samples.”

Volatile Organics - Velatile organics were determined by purge and trap GC/MS
using USEPA CLP Protocols, OLM03.1. The instrumentation used was a Tekmar
Dynamic Headspace Concentrator interfaced with a Hewlett-Packard Model 5972A

6C/Ms/DS.

No problems were encountered.

Miscellaneous Classical Chemistry - Subcontracted to Schwarzkopf Microanalytical
Laboratory, Inc.



TABLE V0-1.0 Sail
7087-0818A
ROUX ASSOCIATES
MISCELLANEQUS VOLATILE ORGANICS

All values are ug/Kg dry weight basis.

Maethod SED1 1

Client Sample I.D. Blank SED1 0-1.5" .5-2.57
Quant.

Lab Sample I.D. VBELEKLR 970818A-01 | 570B18A-02 Limits
Method Blank I.D. VBLKDR VEBLXDR VBLEKDR with no
Quant. Factor 1.00 34.5 1.23 Diluticon
Benzene U 410¢C 34 10
Toluene o U U 2J 10
Date Received ' 04/11/97 04/11/587
Date Extracted N/A N/A N/A
Date Analyzed 04/14/97 04/14/97 04/14/97

See Appendix for qualifier definitions
Note: Compound detection limit = guantitation limit x quantitation factox

Quant. Factor = a numerical value which takes intec account any
variation in sample weight/volume, % moisture and

sample dilution.




TABLE VO-1.1
7097-0818A

ROUX ASSQCIATES

MISCELLANEOUS VOLATILE ORGANICS

A1l values are ug/Kg dry weight basis.

Soil

Method
Client Sample I.D. Blank SED2 0-0.5’
Quant.
Lab Sample I.D. VBLKDS 970818A-03 Limits
Method Blank I.D. VBLEKDS VBLKDS with no
Quant., Factor 1.00 9.09 Dilution
Benzene U 400 14
Toluene - o 140 10
Date Received 04/11/97
Date Extracted N/A N/A
Date Analyzed 04/15/97 04/15/97
See Appendix for qualifier definitions
Note: Compound detection limit = quantitation limit x quantitation factor
Quant. Factor = a numerical wvalue which takes into account any
variation in sample weight/volume, moisture and
sample dilution.




TABLE AS5-1.0
7087-0818A

ROUX ASSOCIATES

MISCELLANEOUS ATOMIC SPECTROSCOPY

All values are mg/Kg dry weight basis.

Soil

SED1 1
Client Sample I.D. SED1 0-1.5° .5-2.57 SED2 0-0.5"
Lab Sample I.D. 970818A-01 | 970818A-02 |{ 970818A~-03 ]
Arsenic 1390 18.3° 1270
Chromium 1060 15.0 711,

See Appendix for qualifier definitions
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SCHWARZKOPF MICROANALYTICAL LABORATORY. INC.
56-19 37th Ave.
Waoodside, N.Y. 11377
Tel. 71B-429-6248
Fax. 718-397-7144

Wy Frank E Maple, Pres.
Tlorence Webkl, Crpe V.0,

Edrmund Petro

Technical Director

Mary Donnelly Date:
IEA 4/30/97
Report#
9520805
RESULTS OF ANALYSIS
Ged-! (O'Ij) [ed ! FERES ,/:-_! o (o' v
SAMPLE # SAMPLE # SAMPLE #
L™ 970818A-01 970818A-02 970818A-03
SML# SML# SML#
D79647 D79648 D79649
% Acid Volatile
Sulfide 0.11 15 ppm 0.076
% Total Sulfur 0.30 0.034 0.070
SCHWARZKOPF MICROANALYTICAL LABORATORY, INC.
- o




ORGANICS APPENDIX _
Indicates that the compound was analyzed for but not detected.
Indicates that the compound was analyzed for and determined to be present
in the sample. The mass spectrum of the compound meets the identification

criteria of the method. The concentration listed is an estimated value,
which is less than the specified minimum detection limit but is greater

than zero, .

This flag is used when the analyte is found in the blanks as well as the
sample. It indicates possible sample contamination and warns the data
user to use caution when applying the results of this analyte.

Indicates that the compound was analyzed for but not requested as an
analyte. Value will not be listed on tabular result sheet.

Estimated due to surrogate outliers,

Matrix spike compound.

Cannot be separated.

Decomposes to azobenzene. Measured and calibrated as azobenzene.

This flag indicates that a TIC is a suspected aldol condensation product.

Indicates that it exceeds calibration curve range.

This flag identifies all compounds identified in an analysis at a second-
ary dilution factor.

Confirmed by GC/MS.
Compound present in TCLP blank.

This flag is used for a pesticide/aroclor target analyte when there js a
greater than 25 percent difference for detected concentrations between the

two GC columns (see Form X).
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NR
NC

INORGANICS APPENDIX

€ - Concentration qualifiers

Indicates analyte was not detected at method reporting Timit.

Indicates analyte result between IDL and contract required detection limit
(CRDL)

Q - QC qualifiers
Reported value is estimated because of the presence of interference
Duplicate injection precision not met
Spiked sample recovery not within contrel limits
The reported value was determined by the method of standard additions (MSA)

Post-digest spike recovery furnace analysis was out of 85-115 percent
control limit, while sample absorbance was less than 50 percent of spike

absorbance
Duplicate analysis not within control limit
Correlation coefficient for MSA is less than 0.995

M - Method codes
ICP
Flame AA
Furnace AA
Cold vapor AA (manual)
Cyanide
Not Required

Not Calculated as per protocols



STATE CERTIFICATIONS

In some instances it may be necessary for environmental data to be reported to
a regulatory authority with reference to a certified laboratory. For your con-
venience, the Taboratory identification numbers for the IEA-Connecticut labora-
tory are provided in the following table. Many states certify laboratories for
specific parameziers or tests within a category (i.e. method :325.2 for waste-
water)}. The information in the following table indicates the lab is certified
in a-general category of testing such as drinking water or wastewater analysis.
The laboratory should be contacted directly if parameter-specific certification

information is required.

1EA-Connecticut
Certification Summary (as of December 1996}

Connecticut Department of Health Services Drinking Water, PH-0497
Wastowater
Department of Health and Environmental Drinking Water,
Kansas Services Wastewater/Solid, E-210/E-1185
Hazardous Waste
Massachusetts Department of Environmental Protection Potable/Non-Potable CcTo23
7 Water
New Hampshire Department of Environmental Services Drinking Water, 252891
Wastewater
New Jerscy Department of Environmental Protection Drinking Water, 46410 “
Wastewater
CLP, Drinking Water,
New York Department of Health Wastewater, Solid/ 10602
|
H Nozth Carolina Division of Eavironmental Management Wastewater 388
North Dakotx Decpartment of Health and Nono-Potable/Potable R-138
Consolidated Laboratorics Hazardous Waste
Oklshoma Dcpartment of Environmeatal Quality General Weter Quality/ 9614 -
Sludge Testing
Chemistry...Non-
Rhodc Island Department of Health Potable Water and Ad3
. Wastewater
Department of Ecology Wastewater/
. Hazardous Waste
Division of Environmental Protection Wastcwater/

Hazardous Waste -

e . ___




7097-0818A
ROUX ASSOCIATES
SAMPLE SUMMARY

3

DATE DATE
CLIENT ID L.aB ID MATRIX COLLECTED | RECEIVED
SEDl 0-1.57 970818A-01 SOIL 04/09/97 04/11/97
SED1 1.5-2.5' 9708B18A-~02 SOIL 04/05/97 04/11/97
SED2 0-0.5' 570818A-03 SOIL 04/098/97 04/11/97




TEA-CT ANALYTICAL SUMMARY
Page:l

Client ID: SED1 0-1.5', SED1 1.5-2.5’, SED2 0-0.57
Job Number: 7097-0818A

Unit Total
Qty Matrix Analysis Degcription Price Price

SOIL CC-MISC Miscellaneous Classi

3

3 80IL CR&6~SW846 Hexavalent Chromium

3 S0IL MET-SW846-MISC Migcellaneous Metals

3 SOIL . PH-9045 pH . R
.3 SOIL TOC-9060-DUP Total Orxganic Carbon
M3 SOTL VOA-CLP3.1-MISC Miscellaneous Volati
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APPENDIX C

X-Ray Fluorescence Data

WIMOOS626M10. 106/APC
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APPENDIX D

Electron-Microscopy Data and Photomicrographs

WIMO0E8626M 10 1(KVAPC
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X550 1‘355

Photomicrograph 1
SED |
Backscatter image showing a particle of iron/aluminum sulfate
containing 6.4% arsenic and two grains of biotite containing
approximately 0.2% arsenic.

Photomicrograph 2
SED 1
Arsenic concentration map (Dot map) showing the same frame
as in photomicrograph 1. Note the higher density of dots on
the iron/aluminum sulfate and biotite grains.

WA029402 [OBMCOEVAL\WPHOTO 8/21/97 ryg
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Photomicrograph 3
SED 1
Backscatter image showing a grain of iron/calcium/zinc
sulfate containing 2% arsenic.

SED 1

Backscatter image showing a mass of alumino silicate and
quartz grains cemented by an arsenic - bearing
iron/calcium/zinc sulfate,

WAIR9A2 10AMCGEV AL\PHOTO 8721497 1vg



CON  SED4-1.5-2

Photomicrograph 5
SED 4
Backscatter image showing a biotite or clay grain containing
0.07% arsenic.

--FekMapl 5i0C As)
Beo8 135.8KV K138 160Knm

Photomicrograph 6
SED 4
Backscatter image showing arsenic bearing biotite grains
intergrown with quartz.

WAN2DAZ JGESNCGEVALYPHOTO #/15/97 ryg
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Photomicrograph 7
SED 4
Backscatter image showing an arsenic-bearing biotite grain

SED 4
Backscatter image showing an amphibole or pyroxene grain
containing .15% arsenic.
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Photomicrograph 9
SED 4
Backscatter image showing an arsenic - bearing silicate
mineral.

WALO2SAZ IORMCGEVALAPHO O B/15M47 ryg



|  APPENDIXE



APPENDIX E

Surface-Water Quality Analytical Data Report

WIMOCE626M10.106/APC



Py 200 Monroe Turnpike Phone 203-261-4458
O Monroe, Connecticut 06468 Fax 203-268-5346
A —

"

An Aquarion Company

February 24, 1997
pl—

Mr. Larry Mctizrnan
ROUX ASSOCIATES

1377 Motor Parkway
Istandia, NY 11788

Dear Mr. Mctiernan:
Please find enclosed the analytical results of 19 samples received at our

laboratory on January 23-24, 1997. This report contains sections
addressing the following information at a minimum:

sample summary . definition of data qualifiers and terminology
analytical methodology . analytical results
state certifications . chain-of-custody

IEA Report # 7097-0154A

Project ID: Woburn, MA

Purchase Order # 06626Y08

e Copies of this analytical report and supporting data are maintained in our files
for a minimum of five years unless special arrangements have been made. Unless
specifically indicated, all analytical testing was performed at this laboratory
location and no portion of the testing was subcontracted.

We appreciate your selection of our services and welcome any questions or sug-
gestions you may have relative to this report. Please contact your customer
service representative at (203) 261-4458 for any additional information. Thank

you for utilizing our services; we hope you will consider us for your future
analytical needs.

I have reviewed and approved the enclosed data for final release.

Very truly yours,

O O —

Schaumburg, M. Billerica, Whippany, Cary, ‘
Wingis Massachusetls New Jersey Morth Carolina
847-705-0740 508-6G7-1400 201-428-8181 91%-677-0090

@ peinted on recycled paper



7097-0154A
ROUX ASSOCIATES

Case Narrative

Metals - ICAP metals were determined using a JA61 simultaneous ICAP and a JAGIE
trace ICAP using guidance provided in SW846 according to the following Methods:
ICAP-3010/6010.

Two "E" flags resulted from serial dilution analysis of sample SW-5/F for potas-
sium and sodium. There is no apparent reason for these flags.

No other problems occurred during analysis. All appropriate protocols were
employed. A1l data appears to be consistent.

IEC’s are electronically employed by the TJA ICAP-61 and ICAP JAGBI1E trace.
However, the ICSA is utilized as a monitoring device to detect any additional
adjustments that may be required. These modifications are calculated and ap-
plied manually. They are so noted in the raw data.

Classical Chemistry - Listed below are the wet chemistry analyte methods and
references for the samples analyzed in this SDG. Misc-cc 1 reported as DOC and
misc-cc 2 reported as ferrous iron. No analytical problems were encountered and
all holding times were met.

"ﬁ Analyte ~__ Method - Reference
|| Bicarbonate 23208 2
| Carbonate 23208 2
Chloride 325.2 1
Fluoride 340.2 1
DocC 9060 3
“ Ferrous Iron 3500-Fe D 2
Sulfide 376.1 1
Sulfate 375.4 1
TOCL 9060 3
References:

1. Methods of Chemical Analysis of Water and Wastes, EPA 600, 1983.
2. Standard Methods for the Examination of Water and Wastewater. 18th edition,

1992.
3. Test Methods for the Evaluation of Solid Wastes, SW846, 3rd ed., 1986.



VYolatile Organics - Volatile organics were determined by purge and trap GC/MS
using USEPA CLP Protocols, OLM03.1. The instrumentation used was a Tekmar Dy-
namic Headspace Concentrator interfaced with a Hewlett-Packard Model 5972A GC/M-
S/DS.

No problems were encountered.



TABLE VOC-1.0
7097-0154A
ROUX ASSOCIATES
MISCELLANEQUS VOLATILE ORGANICS

Aqueous

All values are ug/L.
Method

Client Sample I.D. Blank SW-5 SW-5/F

Quant.
Lab Sample I.D. VBLED?7 970154A-01 | 970154A-02 Limits
Method Blank I.D. VBLED7 VBLEKD7 VBLED?7 with no
Quant. Factor . 1.00 1.00 1.00 Dilution
Benzene , U . 4d . 1o
‘Toluene : T L N LU L 100

. ——————

Date Received 01/23/57 01/23/57
Date Extracted N/A N/A N/A
Date Analyzed 01/29/97 01/30/597 01/30/5%7

See Appendix for qualifier definitioms

Note: Compound detection limit = quantitation limit x quantitation facteor

= a numerical wvalue which takes into account any
variation in sample weight/volume, % moisture and

Quant. Factor

sample dilutiocn.




TABLE VO-1.1

7097-0154a

ROUX ASSOCIATES

MISCELLANEQUS VOLATILE ORGANICS

Aqueous

All values are ug/L.
Client Sample I.D. SW-6 SW-6/F
Quant.
Lzb Sample I.D. 970154A-03 | 970154A-04 Limits
Method Blank I.D. VBLEKD?7 VBLKD?7 with no
Quant. Factor 1.00 1.00 Dilution
, U U 10
rrrrrr i EE I 0 R . 010
Date Received 01/23/97 01/23/97
Date Extracted N/A N/A
Date Analyzed 01/30/97 01/30/97
See Appendix for qualifier definitions

Note: Compound detection limit

sample dilution.

= quantitation limit x guantitation factor
Quant. Factor = a numerical value which takes into account any

variation in sample weight/volume, % moisture and



TABLE VO-1.2
7057-0154A
ROUX ASSQCIATES

MISCELLANECUS VOLATILE ORGANICS

Acueous

All values are ug/L.
Method

Client Sample I.D. Blank FB-01/22 SW-3

Quant.
Lab Sample I.D. VBLKD9 970154A-05 | 970154A-08 Limits
Method Blank I.D. VBLEDS VEBLKDS VBLEDS with no
Quant. Factor 1.00 1.00 1.00 Dilution
Benzene A o | g _ 10
Toluene l: ot g o sy tage . b e
Date Received 01/23/87 01/24/97
Date Extracted N/A N/A N/A
Date Analyzed 01/30/97 0L/30/97 01/31/57

See Appendix for qualifier definitions

HNote:

Cuant. Factor

Compound detection limit =

sample dilution.

gquantitation limit x quantitation factor
= a numerical value which takes into account any
variation in sample weight/volume, % moisture and




TABLE VO-1.3
7057-0154Aa
ROUX ASSOCIATES

MISCELLANEOUS VOLATILE ORGANICS

All values are ug/L.

Aqueous

Client Sample I.D, SW-3/F SW-4 SW-4/F

Quant.
Lab Sample I.D. 970154A-098 { 9701542-10 | 970154A-11 Limits
Methed Blank I.D. VBLKDS VBLEKDS VBLEKDY9 with no
Quant. Factor 1.00 1.00 1.00 Dilution
Benzene ) u u 10
(Toluene . :. o g e PR D)
Date Received 01/24/97 01/24/97 01/24/97
Date Extracted N/A N/A N/A
Date Analyzed 01/31/97 01/31/97 01/31/97

See Appendix for qualifier definitions

Note:
Quant.

Factor

gample dilution.

Compound detection limit = quantitation limit x quantitation factor
= a numerical wvalue which takes into account any

variation in sample weight/volume, % moisture and




TABLE VO-1.4 Aqueous
7097-0154A
ROUX ASSOCIATES
MISCELLANEQUS VOLATILE ORGANICS

S’ All values are ug/L.

Client Sample I.D. 8W-18 SW-18/F SW-1I

Quant.
Lab Sample I.D. $70154A-12 970154A-13 870154A-14 Limits
Method Blank I.D. VBLKDS VBLEKD9 VBLEKD? with no
Quant. Factor » _1.00 1.00 | 1.00 Dilution|
Benzene _ ) o ... .U N 1.0
Toluene’ ST T A el T S DT i Lt FRS SH)e 2 s R RAIRR: I | KO
Date Received 01/24/97 01/24/97 01/24/97
Date Extracted N/& N/A N/A
Date Analyzed 01/31/97 01/31/97 01/31/87

See Appendix for qualifier definitions
Note: Compound detection limit = quantitation limit x guantitation factor
Quant. Factor = a numerical wvalue which takes into account any
variation in sample weight/volume, % moisture and

sample dilution.




TABLE VO-1.5
7097-0154A
ROUX ASSOCIATES

MISCELLANEOUS VOLATILE ORGANICS

All values are ug/L.

Acqueous

Client Sample I.D. SW-1I/F SW-1D SW-1D/F

Quant.
Lab Sample I.D. 970154A-15 | 970154A-16 | 9701L54A-17 Limits
Method Blank I.D. VBLKDS VBLKDS VEBLKDS with no
Quant. Factor 1.00 1.00 1.00 Dilution
Benzene U ) U . 10
Toluene: R oINS 08 SPTTREI R SRR R o 6 LOR LT o B 1
S — S A I B
Date Received 01/24/97 01/24/97 01/24/97
Date Extracted N/A N/A N/A
Date Analyzed 01/31/97 01/31/97 01/31/97

See Appendix for qualifier definitions

Note:
Quant.

Factor

Compound detection limit = quantitation limit x quantitation factor
a numerical value which takes into account any

variation in sample weight/volume,
sample dilution.

% moisture and




TABLE VO-1.6
7097-0154A
ROUX ASSOCIATES
MISCELLANEOUS VOLATILE ORGANICS

All values are ug/L.

Aqueous

Client Sample I.D. TB-01/23 FB-01/23

Quant.
Lab Sample I.D. 970154A-18 | 970154A-~-19 Limits
Method Blank I.D. VBLEKDS VBLKDS with no
Quant. PFactor } 1.00 1.00 Dilution

=

Benzene LS AU S ) e L 10
Toluene. :fhnn o T B T e S N i1 |
Date Received 01/24/97 01/24/97
Date Extracted N/A N/A
Date Analyzed 01/30/97 01/30/97

See Appendix for qualifier definitions
Compound detection limit = quantitation limit x quantitation factor

a numerical value which takes into account any
variation in sample weight/volume, % moisture and

sample dilution.

Note:

Quant. Fa¢tor




TABLE AS-1.0
7097-0154A
ROUX ASSOCIATES
MISCELLANEQOUS ATOMIC SPECTROSCOPY (Dissolved)

All values are ug/L.

Aqueous

Client Sample I.D.

SW-5/F
970154A-06

SW-6/F
970154a-07

SW-3/F
970154A-09

Lab Samgle I.D.

46503E
IS 0L00E

SW-4/F
970154A-11

See Appendix for qualifier definitions




TABLE AS-i.1 Agqueocus
7097-0154A
ROUX ASSOCIATES
MISCELLANEOUS ATOMIC SPECTROSCOPY (Dissolved)

21l values are ug/L.

Client Sample I.D. SW-18/F SW-11I/F SW-1D/F

Lab Sample I.D. 970154A-13 | 8570154A-15 | 970154A-17

See Appendix for qualifier definitions



TABLE AS-1.2
7097-0154A
ROUX ASSOCIATES

MISCELLANEOUS ATOMIC SPECTROSCOPY (Total)

All values are ug/L.

Agueous

Client Sample I.D.

SW-5 SHW-6

970154A-01 | 970154A-03

_pab Sample I.D.

Potassium
Sodinm

FB-01/22
970154A-05

150488008

SW-3

970154A-08

Sea Appendix for qualifier definitions




TABLE AS-1.3 Aqueous
7097-0154A
ROUX ASSOCIATES
MISCELLANEQUS ATOMIC SPECTROSCOPY (Total)

A All values are ug/L.
Client Sample I.D. SW-4 SW-18 SW-1I SwWw-1D
Lab Sample I.D. . 9701.54A-10 § 970154A-12 | 970154A-14 | 970154A-1¢

|1 50300E:

See Appendix for qualifier definitioms



TABLE AS-1.4 Agqueocus
7097-0154A
ROUX ASSOCIATES
MISCELLANEQOUS ATOMIC SPECTROSCOPY (Total)

- All values are ug/L.
Client Sample I.D. FB-01/23
Lab Sample I.D. | 970154a-19

See Appendix for qualifier definitions
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WET CHEM ANALYSIS DATA SHEET
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ANALYSIS DATA SHEET
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WET CHEM ANALYSIS DATA SHEET
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IEA
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WET CHEM ANALYSIS DATA SHEET
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SAMFLE NO.

WET CHEM ANALYSIS DATA SHEET
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1 SAMFLE NO.
WET CHEM ANALYSIS DATA SHEET

SW-11

Lah Name: IEA Contract:
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1 SAMFLE NO.
WET CHEM ANALYSIS DATA SHEET

' SW-1D/F
L=~m Mame: IEA Contract: !
¥ -
LY Code: I1EA Case No.: 0154A SAS No. : ) SDG Ne.: AG1S4
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ORGANICS APPENDIX
Indicates that the compound was analyzed for but not detected.
Indicates that the compound was analyzed for and determined to be present
in the sample. The mass spectrum of the compound meets the identification

criteria of the method. The concentration listed is an estimated value,
which is less than the specified minimum detection limit but is greater

than zero.

This flag is used when the analyte is found in the blanks as well as the
sample. It indicates possible sample contamination and warns the data
user to use caution when applying the results of this analyte.

Indicates that the compound was analyzed for but not requested as an
analyte. Value will not be listed on tabular result sheet.

Estimated due to surrogate outiiers.

Matrix spike compound.

Cannot be separated.

Decomposes to azobenzene. Measured and calibrated as azobenzene.

This flag indicates that a TIC is a suspected aldel condensation product.
Indicates that it exceeds calibration curve range.

This flag identifies all compounds identified in an analysis at a second-
ary dilution factor.

Confirmed by GC/MS.
Compound present in TCLP blank.

This flag is used for a pesticide/aroclor target analyte when there is a
greater than 25 percent difference for detected concentrations between the
two GC columns (see Form X).



= »n =22 =2 m

Cv

NR
NC

INORGANICS APPENDIX

C - Concentration qualifiers

Indicates analyte was not detected at method reporting limit.

Indic?tes analyte result between IDL and contract required detection limit
(CRDL

Q - QC qualifiers
Reported value is estimated because of the presence of interference
Duplicate injection precision not met
Spiked sample recuvery not within control 1imifs
The reported value was determined by the method of standard additions (MSA)

Post-digest spike recovery furnace analysis was out of 85-115 percent
control limit, while sample absorbance was less than 50 percent of spike

absorbance

Duplicate analysis not within control limit

Correlation coefficient for MSA is Tess than 0.995
M - Method codes

Icp

Flame AA

Furnace AA

Cold vapor AA (manual)

Cyanide

Not Required

Not Calculated as per protocols



STATE CERTIFICATIONS

In some instances it may be necessary for environmental data to be reported to
a regulatory authority with reference to a certified laboratory. For your con-
venience, the laboratory identification numbers for the IEA-Connecticut 1abora-
tory are provided in the following table. Many states certify laboratories for
specific parameters or tests within a category (i.e. method :325.2 for waste-
water). The information in the following table indicates the 1ab is certified
in a-general category of testing such as drinking water or wastewater analysis.
The laboratory should be contacted directly if parameter-specific certification
information is required.

IEA-Connecticut
Certification Summary (as of December 1996)

S
Connecticut Department of Health Services Brinking Water, PH-0497
Wastewster
Department of Health and Environmental Drinking Water,
Kansas Services Wastewater/Solid, E-210/B-1185
| Huzardous Waste
Massachusetts Department of Environmental Protection Potable/Non-Potable cTo23
<77 Water
New Hampshire Department of Environmental Services Drinking Water, 252891
Wastewater
New Jersey Department of Environmental Protection Drinking Water, 46410
Wastcwater

CLP, Drinking Water,

New York Department of Health Wastewater, Solid/ 10602
Hazardous Waste
North Carolina Division of Environmental Management Wastewater ass
North Dakota Department of Health and Non-Potable/Potable R-138
Consolidated Laboratories Hazardous Waste |
Oklahoma Department of Environmental Quality General Water Quality/ 9614 -
Sludge Testing
Chemistry...Non-
Rhode Island Department of Health Potable Water and Ad43
. Wastewsler
Washington Department of Bcology Wastewater! C231

Hazardous Waste

b 1 TMArArcous waste @ | . ]
West Virginia Division of Bavironmental Protection Wastewater/ 263
Hazardous Waste




7097-0154A

ROUX ASSOCIATES

SAMPLE SUMMARY

_ DATE DATE
b CLIENT ID LAB ID MATRIX COLLECTED| RECEIVED
SW-5 970154A-01 WATER 01/22/97 01/23/97
SW-5/F 970154A-02 WATER 01/22/97 01/23/97
SW-6 970154A-03 WATER 01/22/97 01/23/97
SW-6/F 970154A-04 WATER 01/22/97 01/23/97
FB-01/22 970154A-05 WATER 01/22/97 01./23/97
SW-5/F 970154A-06 WATER 01/22/97 01/24/97
SW-6/F 970154A-07 WATER 01/22/97 01/24/97
SW-3 970154A-08 WATER 01/23/97 01/24/97
SW-3/F 970154A-09 WATER 01/23/97 01/24/97
SW-4 970154A-10 WATER 01/23/97 01/24/97
SW-4/F 970154A-11 WATER 01/23/97 01/24/97
SW-18 970154A-12 WATER 0i1/23/97 01/24/97
~ SW-1S/F 970154A-13 WATER 01/23/97 01/24/97
SW~-11 970154A-14 WATER 01/23/97 01/24/97
SW-11/F 970154A-15 WATER 01/23/97 01/24/97
SW-1D 970154A-16 WATER 01/23/97 01/24/97
SW-1D/F 970154A-17 WATER 01/23/97 01/24/97
TB-01/23 970154A-18 WATER 01/23/97 01/24/97
FB-01/23 970154A-19 WATER 01/23/97 01/24/97




IEA-CT ANALYTICAL SUMMARY
Page:l

Client ID: SW-5, SW-5/F, SW-6, SW-6/F, FB-01/22, SW-5/F, SW-6/F, SW-3, SW-
3/F, SW-4, SW-4/F, SW-18S, SW-1S8/F, SW-1T, SW-1I/F, SW-1D, SW-

1D/F, TB-01/23 ...
Job Number: 7097-3154A

Unit Total
Qty Matrix Analysis Description Price Price

14 WATER BICARBONATE-406C Bicarbonate
14 WATER =~ - CARBONATE-2320B Carbonate - o
14 WATER CC-MISC Miscellaneous Classi
14 WATER . °  CHLORIDE-325.2 . - Chloride =i:" = .
! WATER FLUJRIDE-340.2 Fluoride
%S WATER -~ - - MET-SW846-MISC Miscellaneous Metals
7 WATER MET-SW846-MISC-D  Miscellaneous Metals
~14-WATER ' . 'SULFATE-375.4: © o sulfate .ol e
14 WATER SULFIDE-376.1 Sulfide
T WATER o, TOC-9060-DUP .. - - Total Organic Carbon
17 WATER  VOA-CLP3.1-MISC Miscellaneous Volati




e 200 Monroe Turnpike Phone 203-261-4458
0 Monroe, Connecticut 06468 Fax 203-268-5346
R ————
'

An Aquarion Company

e’

February 24, 1997

Mr. Larry Mctiernan
ROUX ASSOCIATES
1377 Motor Parkway
Islandia, NY 11788
Dear Mr. Mctiernan:
Please find enclosed the analytical results of 9 samples received at our
laboratory on January 25, 1997. This report contains sections addressing the
following information at a minimum:

sample summary . definition of data qualifiers and terminology

analytical methodology . analytical results

state certifications . chain-of-custody

IEA Report # 7097-0154B
Project ID: Woburn, MA
- Purchase Order # 06626Y08
Copies of this analytical report and supporting data are maintained in our files
for a minimum of five years uniess special arrangements have been made. Unless
specifically indicated, all analytical testing was performed at this laboratory
location and no portion of the testing was subcontracted.
We appreciate your selection of our services and welcome any questions or sug-
gestions you may have relative to this report. Please contact your customer
service representative at (203) 261-4458 for any additional information. Thank
you for utilizing our services; we hope you will consider us for your future
analytical needs.
I have reviewed and approved the enclosed data for final release.
Very truly yzgij;_—_-"ﬁ
ey] C. Curran
atory Manager
JCC
W
Schaumburg, N. Billerica, Whippary, Cary,
Hinois Massachusetts New Jersey Narth Carolina
847-705-0740 508-667-1400 201-428-8181 919-677.0090

@ printad on recycled paper



7097-01548
ROUX ASSOCIATES

Case Narrative

Classical Chemistry - Listed below are the wet chemistry analyte methods and
references for the samples analyzed in this SDG. Misc-cc 1 reported as DOC and
Misc-cc 2 reported as ferrous iron. No analytical problems were encountered and

all holding times were met.

Analyte Method Reference
|| Bicarbonate 23208 2
Carbonate 23208 2
Chloride 325.2 1
Fluoride 340.2 1
DOC 9060 3
Ferrous Iron 3500-Fe D 2
Sulfide 376.1 1
Sulfate 375.4 1
TOCD 9060 3 I
References:

1. Methods of Chemical Analysis of Water and Wastes, EPA 600, 1983.
2. Standard Methods for the Examination of Water and Wastewater. 18th edition,

1992.
3. Test Methods for the Evaluation of Solid Wastes, SW846, 3rd ed., 1986.

Metals - ICAP metals were determined using a JA61 simultaneous ICAP and a JAGIE
trace ICAP using guidance provided in SW846 according to the following Methods:

ICAP-3010/6010.

Two "E" flags resulted from serial dilution analysis of sample SW-2D for potas-
sium and sodium. There is no apparent reason for these flags.

No other problems occurred during analysis. All appropriate protocols were
empioyed. A1l data appears to be consistent.

IEC’s are electronically employed by the TJA ICAP-61 and ICAP JAG1E trace.
However, the ICSA is utilized as a monitoring device to detect any additional
adjustments that may be required. These modifications are calculated and ap-
plied manually. They are so noted in the raw data.



Volatile Organics - Volatile organics were determined by purge and trap GC/MS
using USEPA CLP Protocols, OLM03.1. The instrumentation used was a Tekmar Dy-

namic Headspace Concentrator interfaced with a Hewlett-Packard Model 5995 GC/MS-
/DS.

No problems were encountered.



TABLE VO-1.0
7097-0154B

ROUX ASSOCIATES
MISCELLANEQUS VOLATILE ORGANICS

All values are ug/L.

Aqueous

Method

Client Sample I.D. Blank SW-28 SW-28/F

Quant.
Lab Sample I.D. VBLKG4 970154B-01 | 970154B-02 Limits
Method Blank I.D. VBLKG4 VBLKG4 VBLKG4 with no
Quant. Factor - 1.00 1.00 1.00 Dilution
Benzene u o g oo 10,
Toluene:: LWL R R e N Rt Ko I
Date Received 01/25/97 01/25/97
Date Extracted N/A N/A N/A
Date Analyzed 01/30/97 01/30/97 01/31/97

See Appendix for qualifier definitions
= gquantitation limit x gquantitation factor

Compound detection limit
Quant. Factor =

Note:

sample dilution.

a numerical value which takes into account any
variation in sample weight/volume, % moisture and



TABLE VO-1.1 Adqueous
7087-0154B
ROUX ASSQCIATES
MISCELLANEOUS VOLATILE ORGANICS
A All values are ug/L.
Client Sample I.D. SW-2T SW~2I/F SW-2D/F
Guant.
Lab Sample I.D. 570154B-02 | 9701548-04 | 970154B-05 Limits
Metheod Blank I.D. VBLKG4 VBLKG4 VBLKG4 with no
| Quant. Factor | 1.00 1.00 1.00 Dilution
= — L
Benzene 2T =X 40
Toluene. - R U I AT L0
= e
Date Received 01/25/97 01/25/97 01/25/97
Date Extracted N/A N/A N/A
Date Analyzed 01/31/97 01/31/97 01/31/97
See Appendix for qualifier definitions
Note: Compound detection limit = quantitation limit x quantitation factor
Quant. Factor a numerical value which takes into account any
variation in sample weight/volume, % moisture and
sample dilution.



TABLE VO-1.2
7097-0154B
ROUX ASSOCIATES
MISCELLANEQUS VOLATILE ORGANICS

All values are ug/L.

Adqueous

Client Sample I.D,

Lalb Sample I.D.
Method Blank I.D.
Quant. Factor

Benzene
Toluene:

Date Received
Date Extracted
Date Analyzed

SW-2D SW-2D
SW-2D M5 MSD
970154B-06 Quant.
970154B-06 P70154B-06MS MSD Limits
VBLKG4 VBLKG4 VELEKG4 with no
_ 1.00 ___1.00 1.00 Dilution
80 . 120x 130X 10
Lol A B e AR e e AR 10:
01/25/97 01/25/97 01/25/97
N/A N/A N/A
01/31/97 01/31/97 01/31/97

See Appendix for cualifier definitions

Note: Compound detection limit = quantitation limit x quantitation factor

= a numerical value which takes into account any
variation in sample weight/volume, % moisture and

Quant. Factor

sample dilution.




TABLE VO-1,3
7097-0154B
ROUX ASSOCIATES

MISCELLANECUS VOLATILE ORGANICS

All wvalues are ug/L.

Aquecous

Client Sample I.D, SW-2D/R FB-01/24 TB-01/24

Quant.
Lab Sample I.D. 970154B-07 | 970154B-08 | 970154B-09 Limits
Method Blank I.D. VBLKG4 VBLKG4 VBLKG4 with no
Quant. Factor 1.00 1.00 1.00 Dilution
Benzene S 1 69 U , , U N 10
Toluene il Vi wre TR DR e PR R e A el A e A e 0
Date Receivaed 01/25/97 01/25/97 01/25/97
Date Extracted N/A N/A N/A
Date Analyzed 01/31/97 01/30/97 o01/30/97

See Appendix for qualifier definitions

Note:

Quant. Factor

Compound detection limit = gquantitation limit x guantitation factor
a numerical value which takes into account any
variation in sample weight/volume, % moisture and
pample dilution.




TABLE AS-~1.0
7097-0154B
ROUX ASSOCIATES
MISCELLANEQUS ATOMIC SPECTROSCOPY (Dissolved}

Aqueous

b All values are ug/L.
Client Sample I.D. SW-28/F SW-2I/F SW-2D/F
970154B-04 | 970154B-05

{Lab Sample I.D. 970154B-02

1

See Appendix for qualifier definitions



TABLE AS-1.1 Aqueous
7097-0154B
ROUX ASSOCIATES
MISCELLANEQUS ATOMIC SPECTROSCOPY (Total)

b All values are ug/L.

SW-2D
Client Sample I.D. SW-25 SW-21I SW-2D D

Lab Sample I.D. 970154B-01 | 970154B-03 | 870154B-06 | S70154B-06D

See Appendix for qualifier definitions




TABLE AS-1.2 Aqueous
7097-0154B
ROUX ASSOCIATES
MISCELLANEOUS ATOMIC SPECTROSCOPY (Total)

N’ All values are ug/L.
SW-2D
Client Sample I.D. 5 SW-2D/R FB-01/24
Lab Sample I.D. 970154B-068| 970154B-07 | 970154B-08

See Appendix for qualifier definitions
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WET CHEM ANALYSIS DATA SHEET
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SAMFLE NO.

WET CHEM ANALYSIS DATA SHEET
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SAMFPLE NO.

WET CHEM ANALYSIS DATA SHEET

SW-Z2I/F

Contract

IEA
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3134
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SDG No.:

SAS No. o
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ORGANICS APPENDIX
Indicates that the compound was analyzed for but not detected.
Indicates that the compound was analyzed for and determined to be present
in the sample. The mass spectrum of the compound meets the identification

criteria of the method. The concentration 1isted is an estimated value,
which is less than the specified minimum detection 1imit but is greater

than zero.

This flag is used when the analyte is found in the blanks as well as the
sample. It indicates possible sample contamination and warns the data
user to use caution when applying the results of this analyte.

Indicates that the compound was analyzed for but not requested as an
analyte. Value will not be listed on tabular result sheet.

Estimated due to surrogate outliers.

Matrix spike compound.

Cannot be separated.

Decomposes to azobenzene. Measured and calibrated as azobenzene.

This flag indicates that a TIC is a suspected aldol condensation product.
Indicates that it exceeds calibration curve range.

This flag identifies all compounds identified in an analysis at a second-
ary dilut.ion factor.

Confirmed by GC/MS.
Compound present in TCLP blank.

This flag is used for a pesticide/aroclor target analyte when there is a
greater than 25 percent difference for detected concentrations between the

two GC columns (see Form X).



E v Z Z m

cv

NR
NC

INORGANICS APPENDIX

C - Concentration qualifiers

Indicates analyte was not detected at method reporting limit.

%ndicates analyte result between IDL and contract required detection limit
CRDL)

- QC qualifiers
Reported value is estimated because of the presence of interference
Duplicate injecticn precision not met
Spiked sample recovery not within control limits
The reported valtue was determined by the method of standard additions (MSA)

Post-digest spike recovery furnace analysis was out of 85-115 percent
control limit, while sample absorbance was less than 50 percent of spike

absorbance

Duplicate analysis not within control limit

Correlation coefficient for MSA is less than 0.995
M - Method codes

ICP

Flame AA

Furnace AA

Cold vapor AA (manual)

Cyanide

Not Required

Not Calculated as per protoécTs



STATE CERTIFICATIONS

In some instances it may be necessary for environmental data to be reported to
a regulatory authority with reference to a certified laboratory. For your con-
venience, the laboratory identification numbers for the IEA-Connecticut labora-
tory are provided in the following table. Many states certify laboratories for
specific parameters or tests within a category (i.e. method "325.2 for waste-
water). The information in the following table indicates the lab is certified
in a-general category of testing such as drinking water or wastewater analysis.
The laboratory should be contacted directly if parameter-specific certification

information is required.

IEA-Connecticut
Certification Summary (as of December 1996}

Connecticut Department of Health Services Drinking Water, PH-0497
Wastewater
Department of Health and Environmental Drinking Water,
Kansas Services Wastewater/Solid, B-210/E-1185
Hazardous Waste
Massachusetts Department of Environmental Protection Potable/Non-Potable CTo23
2 Water
New Hampshire Department of Environmenta! Services Drinking Water, 252891
Wastewater
Wastewater

CLP, DPrnking Water,

New York Department of Health Wastewater, Solid/ 10602

New Jersey Department of Environmental Protection Drinking Water, 46410
Hazardous Waste

388 "

North Carolina Division of Environmental Management Wastewater
North Dakota Department of Health and Non-Potable/Potable R-133 I
Consolidated Laborstorics Hazardous Waste
Oklahoma Department of BEnvironmental Quality General Water Quality/ 9614 -
Sludge Testing
Chemistry...Non-
Rhode Island Department of Health Potable Water and Ad3
. Wastewater
‘Washington Decpartment of Beology Wastewater/
Hazardous Waste

Division of Environmental Protection Wastewater/ . 263
Hazardous Waste




7097-0154B

ROUX ASSOCIATES

SAMPLE SUMMARY

DATE DATE
‘F’ CLIENT ID LAB ID MATRIX COLLECTED} RECEIVED
SW-25 §70154B-01 WATER 01/24/97 01/25/97
SW-2S8/F 970154B-02 WATER 01/24/97 01/25/97
SW-2T 970154B-~03 WATER 01/24/97 01/25/97
SW-2I/F 970154B-04 WATER 01/24/87 01/25/97
SW-2D/F 970154B-05 WATER 01/24/97 01/25/97
SW-2D 970154B-06 WATER 01/24/97 01/25/97
SW-2D 970154B-06D WATER 01/24/97 01/25/97
SW-2D 970154B-06MS WATER 01/24/97 01/25/97
SW-2D 970154B~-06MSD WATER 01/24/97 01/25/97
SW-2D 970154B-065 WATER 01/24/97 01/25/97
SW-2D/R 970154E-07 WATER 01/24/97 01/25/97
FB-01/24 970154B-08 WATER 01/24/97 01/25/97
‘ui TB-01/24 970154B-09 WATER 01/24/97 01/25/97




IEA-CT ANALYTICAL SUMMARY
Page:1

Client ID: SW-2S8, SW-28/F, SW-2I, SW-2I/F, SW-2D/F, SW-2D, SW-2D, SW-2D,
SW-2D, SW-2D, SwW-2D/R, FB-01/24, TB-01/24
Job Number: 7097-0154B

Unit Total
Qty Matrix Analysis Description Price Price

“WATER .- ~"BICARBONATE-406C - Bicarbonate
WATER CARBONATE 2320B Carbonate

6
.6 WATER - 410 .CQeMISQT SLor s MiseellaneoustClassi
6 WATER CHLORIDE- 325 2 Chloride
3 WATER 0 & "FLUORIDE=340,2 v iFluoride: ..o 7
S¥/ WATER MET-SWB46-MISC Mlscellaneous Metals
- MET-SWB846-MISC-D: . ...Miscellanecus: Metals

SULFATE-375.4 Sulfate
COSULRIDE=3765 L ) U o 8ulfide T R
TOC-9060-DUP Total Organlc Carbon

YRE T

1 jﬁVQAhCLPBWlTMISCL*'LE"Mlscellaneous Volati oo
b
}
|
!
!
i
|
i
i
i
i
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July 1997 HBHA Surface-Water Monitoring Report
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AW GERAGHTY
AV MILLER, INC.

Environment and Infrastructure

a heidemij company

N August 26, 1997

Mr. Michael House

The Chemical Group of Monsanto Company
800 N. Lindbergh Boulevard

St. Louis, Missourt 63167

Subject: Data Report for July 1997 Water Quality Determination
HBHA Monitoring Program, ISRT, Woburn, Massachusetts.

Dear Mr. House:

Geraghty & Miller, Inc. {Geraghty & Miller) completed water quality determination
activities at two locations within the outlet channel of the Hall’s Brook Holding Area (HBHA) at
the ISRT site in Wobumm, Massachusetts on Monday, July 21, 1997. The water quality
determination activities included the measurement of field parameters and the collection of surface
water samples for laboratory analysis from two locations within the HBHA outlet channel.
Sampling location #1 was where the outlet channel connects to the HBHA. Sampling location #2
was where the outlet channel crosses Mishawum Road. The sampling locations are shown on

Figure 1.
Y
The results of the field parameters testing are as follows:
Location #1:
Dissolved Oxygen (DO) = 3.6 mg/L
Temperature = 21.8 °C
Oxidation Reduction Potential (Eh) = 312mV
pH = 7.1 standard units
Conductivity = 332 S
Estimated Total Flow Rate = 2.1 cu. ft./sec
cation #2:
Dissolved Oxygen (DO) = 5.2 mg/L
Temperature = 22.6°C
Oxidation Reduction Potential (Eh) = 232 mV
pH = 7.2 standard units
Conductivity = 416 uS
Estimated Total Flow Rate = 0.9 cu. ft./sec
-

La)
One Corporate Drive » Andover, Massachusetts 01810 + (508) 794-9470 » FAX (508) 682-.4452 A



GERAGHTY & MILLER. INC.

Geraghty & Miller collected an unfiltered surface water sample and a field-filtered surface
water sample from both sampling locations within the HBHA outlet channel. Geraghty & Miller
also collected an unfiltered replicate surface water sample and a field-filtered replicate surface
water sample from both sampling locations within the HBHA outlet channel. The samples were
analyzed by IEA Laboratories Inc. of Billerica, Massachusetts. The Dissolved Metals analyses
were conducted on the field-filtered samples. The Total Metals, Volatile Aromatics, and Total
Suspended Solids analyses were conducted on the unfiitered samples. The required preservatives
were added in advance by the analytical laboratory and the bottles were not overflowed during the
sample collection activitics. Results from the laboratory analytical testing are summarized as

follows:

Location #1:

Dissolved Metals
Senic
Chromium

Total Metals
Arsenic
Chromium

Volatile Aromatic
Benzene
To.uene

Total Suspended Solids

Location #1 (Replicate Sample):

Dissolved Metals
Arsenic
Chromium

Total Metals
Arsenic
Chromium

Vlatile Aromatics
Benzene
Toluene

Total Suspended Solids

Mr. Michael House
August 26, 1997

0.0112 mg/L
BQL (<0.03 mg/L)

0.0287 mg/L
BQL (<0.03 mg/L)

BQL (<1 ug/l)
BQL (<1 pg/L)
4.8 mg/l.

0.0098 mg/L
BQL (<0.03 mg/L)

0.0252 mg/L
BQL (<0.03 mg/L)

BQL (<1 pg/L)
BQL (<1 pg/L)
5.9 mg/L

v

“
L™



GERAGHTY & MILLER. INC.

Location #2:
Dissolved Metals
Arsenic
Chromium
Total Metals
Arsanic
Chromium
Yolatile Aromatics
Benzene
Toluene
Total Suspended Solids

Location #2 (Replicate Sample):

Dissolved Metals
Arsznic
Chromium

Total Metals
Arsenic
Chromium

Volatile Aromatics
Berzene
Toluene

Total Suspended Solids

BQL = Below Quantitation Limit

Mr. Michael House
Auguse 26, 1997
Page 3

0.0098 me/L
BQL (<0.03 mg/L)

0.0302 mg/L
BQL (<0.03 mg/L)

BQL (<1 pg/L)
BQL (<1 pg/L)

11.3 mg/L

0.0118 mg/L
BQL (<0.03 mg/L)

0.0296 mg/L
BQL (<0.03 mg/L)

BQL (< 1 pg/L)
BQL (<1 pg/L)

10.6 mg/L

The analytical data reports, the QA/QC reports and the BTEX analysis chromatograms
provided by the laboratory are included as Appendix A. Geraghty & Miller has reviewed the
BTEX analysis chromatograms and the laboratory QA/QC data for the Method 8020 analysis and
has concluded that the laboratory’s interpretations relative to compound identifications and

concentration quantitations are appropriate.

e



GERAGHTY & MILLER. INC.

Mr. Michael House
August 26, 1997

Page 4
Table 1.1 presents the historical data collected from sampling location #1. Table 1.2
presents the historical data collected from sampling location #2. Plots for the historical analytical
data which are intended to illustrate long-term trends in the concentration data are included as
Appendix B. For ploting purposes, samples with concentrations below the quantitation limit are
represented as being at the quantitation limit. Calculations and assumptions used during the
estimation of the total flowrate at each sampling point are included as Appendix C.
If you have any questions or concerns, please do not hesitate to call Devin Kirkpatrick at
(508) 794-9470.
Sincerely,
GERAGHTY & MILLER, INC.
Devin B. Kirkpatrick, P.E.
Project Engineer/Project Manager

E. W. Peter‘Jalajas
Senior Scientist

erence R. Regan
Associate/Project Officer

cc: ISRT

l":

LS
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Table 1. Data Summary
Sampling Location #1
Halls Brook olding Area, Wobuen, MA.

Parameter Feb-95 Mar-95 Apr-93 May-95 Jun-93 Jun-95 Jul-95 Aug-95 Sep-95 Oc1-95 Oct-95 Nov-95 Dec-9s Jan-06 Feb-96
(Replicate) (Replicate)
Total Arsenic {mp/L} 0.0114 0.0155 0.0107 0.0142 00127 0.0130 0.0159 0.0192 00123 0.0212 0.0186 0.0206 0.0145 0.0174 0.0138
Dissolved Arsenic {mg/L) 0.0097 0.0093 0.0059 0.0076 0.0063 0.0054 <Q.005 < 0.005 < 0.0G5 0.0085 0.0087 0.0148 0.0095 0.0132 0.0108
Total Chromium (mp/L} <0030 | <0030 | <0030 [ <0030 <(.030 <0.030 <0030 | <0030 | <0030 | <030 <0.010 <0.030 <0030 | <90.030 <0.030
Dissolved Chromium {mg/L} < 0.030 <0.010 < 0.030 <0.030 <0.030 <0.030 <0.030 = 0,030 <0030 <0.030 < 0,030 <0030 <0.030 <0.030 <0030
Benzene (ug/l) 4 4 $ < < < | <1 < <1 < <} 4 <} 4 3
Toluene (ug/L) § 8 4 < 2 2 <1 <1 <1 < < 10 [ 5 10
Total Suspended Solids (mp/L) NM NM NM NM NM NM NM NM NM NM NM NM NM NM NM
Dissolved Oxypen {mg/L.} 71 33 NM 7.3 57 - 38 5.4 59 6.3 - 69 66 64 58
Temperature ("C) 7 9.5 14.5 19.2 26.0 - 0.1 228 210 16.4 - 56 1.0 1.6 4.8
p! (standard units) 6.1 7.1 6.9 6.8 7.4 - 73 6.6 67 6.6 - 6.6 6.1 78 71
Oxidation Reduction Potential (mV) 236 ‘ 24 v NTAL R e 165 - 140 170 25 200 - 310 245 200 300
Conduclivity (uS) NM NM NM NM NM - NM 1202 1060 403 - 432 NM 557 1047
Surface Elevation (feet above m.s.1) 55.28 55.08 5520 54.87 54.57 - 54.36 54.30 54.32 54.83 - 5518 5502 55.42 55.10
Total Flow (cfs) 48 4.0 45 19 0.9 . 0.5 .4 0.7 12 - 2.0 14 132 19

NM  Not Measured
i Malfunction of field instrument suspected.

GERAGHTY & MILLER,INC.
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Table 1. Data Summary
Sempling Location ¥
Halls Brook Halding Area, Woburn, MA,

Parameter Mar-96 Apr-96 May-%6 Jun-16 Jul-06 Jul-96 Aug-26 Sep-Y6 Oet-96 Noyv-96 Dee-96 Jin-47 Jan-97 Feb-97 Mar-97
(Replicase) {Replicate)
Total Arsenic {mg/L) 0.0183 0.0189 0.0521 NM 0.0109 0.0195 0.0173 0.0200 0.018 0.007% 0.0168 00112 00090 0.0106 0.0207
Dissolved Arsenic {mp/L) 0.0143 0.0085 0.0078 NM 00071 D.0G51 < 0.005 001403 0.0062 0.0079 0.0421 0.0047 0.00661 0.0085 00132
Total Chromium {mg/L.) < §.030 < 0.030 < 0.030 NM < 0.030 < {.030 < 0.030 < 0.030 < (1030 < (1,030 < 0.630 < Q.030 < 0.030 < 0.030 <0030
Dissolved Chromium {mp/L) <0030 <0.030 <0.030 NM <0030 | <0030 | <0030 | <0030 < {030 <.030 <0030 | <0030 | <0030 <0030 < (.030
Benzene (up/L) 3 <l < NM <1 <1 <| < <1 2 <l <] <] 2 5
Toluene (ug/L) 10 5 < NM 2 2 <1 <1 <1 <] i <l <l <l «f
Tolal Suspended Solids (mg/L.) NM 10.5 11.3 NM 6.6 6.8 4.0 52 48 4.0 3.0 28 i 32 5.4
Dissolved Oxygen (mpfl) 70 NM 82 NM NM - NM 46 4.2 4.4 1.1 6.6 - 3.2 6.4
Temperature {*C) 14.0 18.4 16 NM 239 - 0 15.7 13.8 1.0 5.0 20 - 31 35
pll {slandard units) 6.7 6.9 6.7 NM &5 - 6.y 73 8.2 84 &7 2.3 - 70 i
Oxidation Reduction Potential {mV) 245 ' 210 105 NM 185 - 240 15 255 175 165 170 - [R+3 142
Conductivity (uS) 290 139 129 NM 112 - 198 82 ¥9 12 79 9 - 85 87
Surface Elevation (feet above m.s.l) 55.20 5520 55.00 NM 54.50 - 51.25 55.05 54.62 55.25 55.50 5560 - 55.20 55.20
Total Flow {cfs) 24 09 25 NM 0.7 - 0.5 7.0 29 74 9.0 4.0 . 37 8.9

NM Mot Measured
b Mallunction of ficld instrument suspected.

GERAGHTY & MILLER, INC.

£
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Table b Data Summary
Sampling Lecation #1

Halls Brook Halding Arca, Woburn, MA.

Detection | Detection | Average

Parameter Apr-97 May-97 Jun-97 Jul-97 Jul-97 Linii Counts {Mean) Min Max

{Replicate)
Total Arsenic {mg/L) 0.0093 0.0147 0.0062 0.0287 0.0252 0.005 34 0.0167 0,0062 0.0521
Dhssolved Arsenic (mp/L} 0.0061 0.0070 0113 00112 0.0098 0.005 30 00089 0.0051 0.0148
Total Cheomium (mg/L) <0030 < n,oﬁo < 0.030 <0030 < 0.030 0.030 0| <0030 <0.030 <0.030
Dissalved Chramium (myg/L) = 0,030 < 0,030 < 0.030 <0.030 < (L030 0.030 0] =<0.030 < 0,030 < 0.030
Benzene (ugfl) 2 <1 <1 <i <] 1 1 3.5 2 5
Toluens (ugh.) <1 <] <1 <1 <1 I 14 5.4 3 10
Total Suspended Solids {mg/L} iz 340 30 4.8 59 N/A 18 6.8 28 14
Dissolved Oxygen (mg/L) 52 5.0 54 36 - N/A 25 5.7 33 3.2
Temperature (*C) 9.3 19.5 3 218 - NIA 29 13.8 1 0.1
pH {stardard units) 6.8 1 7 7.1 - N/A 29 7.0 6.1 84
Oxidation Reduction Potential (mV) 150 m 220 312 - N/A 26 209 25 32
Conductivity (uS) 181 167 155 3132 - N/A 22 276 79 1202
Surface Flevation (fect above msl) §5.20 55.15 54,80 ' 54.50 N/A 29 55.0 543 556
Total Flow (cfs) 4.5 is 1.9 21 - N/A 25 1) 04 9
NM  Not Measured
. Malfunction of fizid instrument suspected.

( Page Jof 3

GERAGHTY & MILLER, INC.
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Table 2  Data Summary
Sampling L-ocation #2
Halls Brook Holding Area, Wobuin, MaA
Parameter Aug-95 Sep-95 Oct-3% Oct-95 MNov-95 Dec-95 Jau-96 Feb-96 Mar-%6 Apr-94 May-%é Jun-98 Jul-96 Jul-96 Aug-96 Sep-26 Oc1-%6 Nov-96 Dec-%6

(Replicate) (Replicaie)

Total Arsenic {mpsl) ouls4 00157 0.015Q n.ey3s 08137 ¢o162 40103 2.00E5 0175 00444 00214 {0163 O 009K 00176 04179 G128 LR RG] 00037 U DT
Dissolved Arsenic {mg/.) <0005 < 0005 00054 0.0057 0.0088 00082 0.0053 0.0067 D009 0.0051 00104 00057 <0005 <0005 <@ 005 00065 <) 005 <0 003 0.0051
Total Chiomium {mg/L} < Q030 < 0030 <0930 <0010 <0030 <0.0310 <o <D 036 0431 0012 <0030 <0.030 <0 030 <B.03% <0 30 <0.010 <010 <030 <0 030
Dissolved Chromium (mg/L) <ppI0 | <0030 | <0030 | <0030 | <0pd0 | <0030 | <0030 | <0030 | <p0lo | <0030 ) <0030 | <0030 | <opo | <o | <oy | <000 | <gese | <cose | <ooio
Benzene {up/L) <l <1 <1 <1 <1 <1 2 <] <l <l <1 <1 <} <] <] L3 <} <1 <j
Taluene {up/L) <1 <l <] <1| 2 ] 2 5 ] <} <) <) <Y | <| <] <] < <}
Tota! Suspended Solids (mgL.) NM HNM NM N6 KM NM MM NMhE o8] 140 118 i6 63 68 £2 26 12 32 26
Dissolved Oaygen (mgdl.) 55 62 64 - 70 40 s 6.5 50 NM 79 60 NM - MNAL 5.0 31 g 16
Temperatare (C) 214 200 1813 - 53 10 [ 15 (134 18] 213 163 24.7 - 2540 164 147 10 45
pH {s1andard units} 69 66 6.6 - [-X] 61 74 69 70 71 59 59 &9 - 7.1 11 73 T3 6%
Oxidation Reduction Potential {mV}) 130 a8 225 - 300 165 250 223 00 210 250 245 260 - 275 230 280 331 140
Conductivity uS) 152 1068 443 - 175 NAL 501 169 290 164 119 n 4 - 174 100 m 208 164
Surface Elevation [+E:2] 096 1.25 - 1.40 132 1.7 150 [.30 1.54 142 1.6 10 - 0B 40 14 3% 13
Taoal Flow {(cfs) 15 a9 03 - 19 1.2 716 3 14 313 le 16 11 - a6 51 5t 10 51

MM Not Measured

Sampling program at Location #2 staried in August 1995,

Surface elevation data for Location H2 is refalive 1o the staif gauge slevation.

GERAGHTY & MILLER, INC.

O
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Table 2 fara Summary
Samphing L ocation #2

Halls Biouk 1lulding Arca, Wobura, MA

( Paga2of2

Drlection | Detection | Average
Pargamerer Jau-97 Jan-97 ¥Feb-97 Mar-97 Apr-47 Muy-97 Tun-97 Jul-47 Jul-37 Limit Counts {Mleany Min Max
{Replicate} (Replicaic)]

"Total Arsenic (mg/Ly VoI 00147 0 0066 0.0113 Q0056 00131 0ul49 0 cloz [Vl 0005 it} 00166 00056 9 04TH
Dssolved Arsenic (mg/l) 0.0057 0.0062 <0005 0.0100 <0.005 00061 0.0092 0.00%8 0.CL1R 0.005 19 0.0077 0.0051 40118
Toual Chromium (mg/L}) <0630 <G.03G <0430 <§.03% <0.030 <0.03¢ <0.03¢ <3.010 <0 030 0.030 o <0 030 <D.030, 0.032
Dissalved Chromiuem {mp/a) <0.030 <0030 <0.031Q <0010 «0.030 <0030 <0 Q30 <03 <0030 0.030 0 <0.030 <0 030 <0030
Benaene {ug.) =<1 <l <1 1 <] <l <l <] <l <l 2 1.5 1 2
Toluene (upl.) <1 <l <l <} <l <1 <] <l <1 <l 5 28 2 5
Tow) Suspended Solids {mg/L) 4.6 42 14 34 28 190 46 13 e NIA 19 142 24 140
Dissolved Oxygen (mp/L) 78 . T4 6.6 55 5.3 60 52 . WA 21 6.0 13 19
Temperatore {*C) 21 - 5.0 15 8.0 19.6 221 1246 - NIA 24 31 1.5 5
pH (siandard unils) 74 - 7.1, 73 i 70 12 71 12 - N/A 24 70 62 74
Oxidation Reduciion Polential (mV) 130 - 89 134 04 345 KR} 232 - N/A 23 210 25 345
Conductivity {uS}) 99 - l14 105 384 156 194 416 - N/A 2] 30 L. 1152
Surface Elevalion 12 - 12 1.5 1.5 12 1.¢ 09 - N/A H ] 03 4
Total Flaw (cs) 19 - 24 59 48 29 1.0 a% - NfA 24 31 06 16

Nh Mot Mcasured

Samgpling program at Location #2 started in August 1995,
Surface clcvation daw for Location #2 is relalive 10 1he stafT gauge elevation.

GERAGHTY & MILLER, INC.

O
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[EA, inc.
1 149 Rangeway Road Phone 508-667-1400
North Billerica, MA 01862 Fax S08-667-7871

An Aguarion CZompany

Mr. Devin Kirkpatrick August 3, 1997
Geraghty & Miller

One Corporate Drive

Andover, MA 01810

Dear Mr. Kirkpatrick:

Please find enclosed the analytical results of the sample(s) received at our laboratory on July 21, 1997, This report
contains sections addressing the following information at a minimum;

& sample 1D correspondence table » chain-of-custody (if applicable)
o analytical results e definitions of data qualifiers and terminology
Client Project # MA 0440.003 Client Project Nanie ISRT
IEA Report # G123A-085 Purchase Order # N/A

Copies of this analytical report and supporting diata are maintained in our tiles for a minimum of 3 years unless special
arrangements are made. Unless specifically indicated, all analytical iesting was performed at the EEA-Massachusetts
laboratory.

We appreciate your sehection of our services and welcome any questions or suggestions you may have relative o this
report. Please coneact your customer service representative at (S08) 667-1400 for any additional information. Thauk you
for wilizing our services and we hope you will consider us for your future analytical needs.

I have reviewed and approved the enclosed data for final release.

Sincerely, )
ekl %Z_

Michael F. Wheeler, Ph.D.
Laboratory Director

TEA/American Environmental Network (MA)
MA-DEP #MAQ38

MW/kKlg
w hireponsiformsidconwiniept00101. ma 8/5/97, 10:00 am
Monroa, Schaumburg, Whippany, Cary,
Connecticuf iitingis MNew Jersey Narth Carolina
203-261-4458 708-7T05-0740 201-428-8181 919-677-0030



Sample ID Correspandence Table

. Client
. Sample ID

e
e e —— S

HBHA#1 Unfiltered

IEA
Sample ID

G123A-085-01

R HBHA#1 Unfiltered

G123A-085-02

HBHA#2 Unfikered

G123A-085-03

R HBHA#? Unfiltered

G123A-085-04

HBHA#! Fiitered

GI23A-085-05

R HBHA#! Filtered

G123A-085-06

HEBHA#2 Filtered

G123A-085-07

R HBHA#2 Filtered

|

G123A-085-08

hirepoctsiformsideonwin' rpt0010 L. ma

8/5/97, 10:00 am
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An Aguarion Carmrpany

Definitions of Data Qualifiers a

A number of data qualifiers are widely used within the environmental testing industry and may be utitized in our data
reports. The following definitions of these qualifiers are included as a service to our clientele. The majority of the
qualifiers have evolved from the EPA contract laboratory program (CLP).

B- This flag is used when the analyte is found in the associated blank as well as in the sample. It indicates
possible/probable blank contamination and warns the data user to use caution when applying the results of
this analyte.

BQL - Below Quantitation Limit indicates the compound was not detected in the sample above the practical
quantitation limit.

D- Indicates the compound was diluted below the calibration range.

E- Indicates that the concentration of the specific compound exceeded the calibration range of the instrument
for that particular analysis.

¥- Indicates an estimated value. The compound is determined to be present in the sample based on GC/MS
criteria, but the amount is less than the sample quantitation limit. IEA - MA GC/MS reports do not typically
report J - marked results, If requested, J - marked results are provided and the report flagged to verify that
the data was appropriately reviewed.

MDL - The method detection limit is defined as the minimum concentration of a substance that can be measured and
reported with 99% confidence thai the analyte concentration is greater than zero.

NA - Not applicable or not available.

ND -  Indicates the compound or analyte was not detected in the sample above the method detection limit or the
practical quantitation limit for the particular analysis.

PQL - The practical quantitation limit is the lowest level that can be reliably achieved within specified limits of
precision and accuracy during routine operating conditions.

h:\reponts\forms\deonwinupf00203. ma

LS N, e M A



AEN - MA Laboratory Results

g
Client; Geraghty & Miller IEA ID: G123A-085
Project: MAD440.003/ISRT Received: 07/21/97
Report Date: 08/05/97
[EA Client Date
# ID Parameter Results Units PQL  Analyzed Analyst Method
Total Metals
01 HBHA #1 Unfiltered  Arsenic 0.0287 mg/L 0.0050 07/23/97 GMP 206.2/7060
01 HBHA #1 Unfiitered  Chromium BQL mg/L 0,030  Q7/23/97 JB 200.7/6010
01 HBHA #1 Unfiltered Total Suspended Solids 4.8 mg/L 1.0 07/24/97 cCcv 160.2
Total Metals
02 R HBHA #] Unfiltered Arsenic 0.0252 mg/L 0.0050 07/23/97 GMP 206.2/7060
02 R HBHA #1] Unfiltered Chromium BQL mg/L 0.030 07/23/97 B 200.7/6010
02 R HBHA #1 Unfiltered Total Suspended Solids 5.9 mg/L 1.0 07/24/97 CCV 160.2
Total Metals :
03 HBHA &2 Unfiltered  Arsenic 0.0302 mg/L 0.0050 07/23/97 GMP 206.2/7060
03 HBHA #2 Unfiltered  Chromium BQL mg/L 0.030 07/23/97 IB 200.7/6010
HBHA #2 Unfiltered Total Suspended Solids 11.3 mg/L 1.0 07/24/97 CCV 160.2
Y
Total Metals
04 R HBHA #2 Unfiltered  Arsenic 0.0296 mg/L 0.0050 07/23/97 GMP 206.2/7060
04 R HBHA #2 Unfiltered Chromium BQL mg/L 0.030 07/23/97 JB 200.7/6010
04 R HBHA #2 Unfiltered Total Suspended Solids 10.6 mg/L 2.0 0724/97 CCV 160.2
Dissolved Metals
05 HBHA #I1 Filtered Arsenic 0.0112 mg/L 0.0050 07/23/97 GMP 206.2/7060
05 HBHA #1 Filtered Chromium BQL mg/L 0.030 07/23/97 JB 200.7/6010
Dissolved Metals
06 R HBHA #| Filtered  Arsenic. 0.0098 mg/L 0.0050 07/23/97 GMP 206.2/7060
06 R HBHA #1 Filtered  Chromium BQL mg/L 0.030 07/23/97 IB 200.7/6010
Dissolved Metals
07 HBHA #2 Fiitered Arsenic 0.0098 mg/L 0.0050 07/23/97 GMP 206.2/7060
07 HBHA #2 Filtered Chromium BQL mg/L 0.030 07/23/97 IB 200.7/6010
C issolvea Metals
08 R HBHA #2 Filtered  Arsenic 0.0118 mg/L 0.005¢ 07/23/97 GMP 206.2/7060
08 R HBHA #2 Filtered  Chromium BQL mg/L 0.030 07/23/97 IB 200.7/6010
Comments:
o PQL = Practical quantitation limit.
A4 BQL = Below quantitation limit.

{reportsiforms\dconwin\rpf1 0000.ma Page 1 of | Tuesday, August 05, 1997, 1:31 PM



QC REPORT
Report Date; 08/05/97
[
BLANK SPIKED MS MSD
RESULT SAMPLE RECOVERY RECOVERY RPD DATE
PARAMETER BATCH ID (mg /L) 1D {%) (%) (%) ANALYZED
Arsenic 072297-2 <0.0050 W100-284-01 N/C N/C N/C 07/23/97
Chromium 072297-1 <0.030 W100-284-01 98.5 101.0 2.5 07/23/97

Corresponding Samples: G123A-085-01, G123A-085-02, G1l23A-085-03, Gl23A-085-04, Gl23A-085-05, G123A-085-05,
G123A-085-07, G1l23A-0B5-08

Comments: NC = Not Calculated, amount of analyte in sample was much greater than spike level.

hirepons\forms\WdeonwinQCRE.WED £/5/97, 1:54 pm
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QC REPORT
Report Date: 08/05/97
Initial Continuing Continuing
Calibration Calibration Calibration
Check Check Check L.CS Date
Compounds (%) (%) (%) (%) Analyzed
Arsenic 99.2 96.8 97.4 107.0 07/23/97
Chromium 100.3 102.5 101.2 102.0

07/23/97 4“

Corresponding samples: G123A-085-01, G123A-085-02, G123A-085-03, G123A-085-04, G123A-085-05, G123A-085-06, G123A-085-07, G123 A-085-08

hireportsMurmsi\deonwintice-cec.qer

8/5/97, 1:52 pm



QC REPORT
Blank
Results Duplicate Result 1 | Result 2 RPD Date
Parameter {mg/L) Sample ID {mg/L) {mp/L) (%) Analyzed
Total Suspended Solids <1.0 G123A-085-04 10.4 10.6 1.9 07/24/97 4"

Corresponding Samples:  G123A-085-01, G123A-085-02, G123A-085-03, G123A-085-04

hirepors\forms\deonwin\QCREP T WP &/5/97, 10:05 am



AEN - Massachusetts

R Analysis Report: EPA Method 8020A -Volatile Aromatics
Client: Geraghty & Mitler [EAID: GI123A-085-01
Project: MA0440.003/I1SRT Sample:  HBHA #1 Unfiltered
Report Date:  07/23/97 Type: Water
Collected: 07/21/97 Container: VOA
Received; 07/21/97
Analyzed: 07/22197 Dilution Factor: 1
By: GAM
PQL Result

Number Priority Poliutant Compounds (ug/L) {ug/L)

1 Benzene I BQL

2 Chlorobenzene I BQL

3 1,2-Dichlorobenzene 1 BQL

4 1,3-Dichlorcbenzene I BQL

3 1.4-Dichlorobenzene 1 BQL

6 Ethylbenzene 1 BQL

7 Toluene 1 BQL

8 Xylenes (Total) 1 BQL

9 Methyl-t-butyiether 1 BQL

Surrogate Standard Recovery:

N .
1,4-Difluorobenzene 109 %
Comments:
PQL = Practical quantitation limit.
BQL = Below quantitation limit.
A4

h:\reportsforms\dconwin\GCF10600. MA Page 1 of 1 07/23/97,16:16



AEN - Massachusetts

— Analysis Report: EPA Method 3020A -Volatile Aromatics
Client: Geraghty & Miller [EA ID; G123A-085-02
Project: MAOQ440.003/ISRT Sample: R HBHA #1 Unfiltered
Report Date: (17/23/97 Type: Water
Collected: 07/21/97 Container: VOA
Received: 07/21/97
Analyzed: 07/22/97 Dilution Factor; 1
By: GAM
PQL Result

Number Priority Pollutant Compounds {ug/L) {ug/L)

1 Benzene 1 BQL

2 Chlorobenzene 1 BQL

3 1,2-Dichlorobenzene 1 BQL

4 1,3-Dichlorobenzene 1 BQL

5 1,4-Dichlorobenzene 1 BQL

6 Ethylbenzene 1 BQL

7 Toluene 1 BQL

8 Xylenes (Total) 1 BQL

o Methyl-t-butylether 1 BQL

Surrogate Standard Recovery:

o
1,4-Difluorobenzene 109 %
Comments;
PQL = Practical quantitation limit.
BQL = Below quantitation Jimit.
b

h:\reports\forms\dconwin\GCF LOGOO. MA Page 1 of 1 07/23/97,16:16



AEN - Massachusetts
Analysis Report: EPA Method 8020A -Volatile Aromatics

Ma”

Client: Geraghty & Miller [EA ID: G123A-085-03

Project: MAD440.003/ISRT Sample: ~ HBHA #2 Unfiltered

Report Date:  07/23/97 Type: Water

Collected: 07/21/97 Container: VOA

Received: 07/21/97

Analyzed: 07/22/97 Dilution Factor; 1

By: GAM

PQL Result

Number Priority Pollutant Compounds {ug/L) (ug/L)
1 Benzene 1 BQL
2 Chlorobenzene 1 BQL
3 1,2-Dichlorobenzene 1 BOQL
4 1,3-Dichlorobenzene 1 BQL
3 1.4-Dichlorobenzene 1 BQL
6 Ethylbenzene 1 BQL
7 Toluene 1 BOQL
3 Xylenes (Total) 1 BQL
9 Methyl-t-butylether 1 BQL

Surrogate Standard Recovery:

- 1,4-Diftuorobenzene 108 %
Comments:
PQL = Practical quantitation limit.
BQL = Below quantitation limit,
r

h:ireportsfforms\dconwin\GCF 10600, MA Page it of | 07/23/97,16:17



AEN - Massachusetts

b Analysis Report: EPA Method 8020A -Volatile Aromatics
Client: Geraghty & Miller [EA ID: GI123A-085-04
Project: MAO0440.003/ISRT Sample: R HBHA #2 Unfiltered
Report Date:  07/23/97 Type: Water
Collected: 07121/97 Container: VOA
Received: 07/21/97
Analyzed: 07/22/97 Dilution Factor: 1
By: GAM
PQL Result

Number Priority Pollutant Compounds (ug/L) {ug/L)

1 Benzene 1 BQL

2 Chlorobenzene H BQL

3 1,2-Dichlorobenzene | BOL

4 1,3-Dichlorobenzene 1 BQL

3 1,4-Dichlorobenzene \ BQL

6 Ethylbenzene 1 BQL

7 Toluene 1 BQL

8 Xylenes (Total) i BQL

9 Methyl-t-butylether 1 BOL

Surrogate Standard Recovery:

L
1,4-Difluorobenzene 108 %
Comments:
PQL = Practical quantitation limit.
BQL = Below quantitation limit.
Y

h:reportsifforms\dconwin\GCF1€600. MA Page | of 1 07/23/97,16:17



AEN - Massachusetts

R Analysis Report: EPA Method 8020A -Volatile Aromatics

Client: IEA ID: Methed Blank (07/21)

Project: Sampie:

Report Date: 07/23/97 Type: Water

Collected: Container;

Received.

Analyzed: 07/21/97 Dilution Factor: l

Byv: GAM

PQL Result

Number Priority Polhutant Compounds (ug/L) {ug/L)
1 Benzene 1 BQL
2 Chlorobenzene 1 BQL
3 1,2-Dichlorobenzens 1 BQL
4 1,3-Dichlorobenzene 1 BQL
3 1,4-Dichlorobenzene 1 BQL
6 Ethylbenzene 1 BOL
7 Toluene 1 BQL
8 Kvlenes (Total) 1 BQL
9 Methyl-t-butylether 1 BQL

Surrogate Standard Recovery;

L™ .
1,4-Difluorobenzene 110 %
Comments:
PQL = Practical quantitation limit.
BQL = Below quantitation limit.
Corresponding Samples. G123A-085-01, G123A-085-002, G123A-085-03, G123A-0835-04
L 4

hiireportsiforms\dconmvin\GCF10600.MA Page L of 1 07/23/97,16:18



AEN - Massachusetts

[EAID:  L107-039-09 MS/MSD

L Analysis Report: EPA Method 8020A -Volatile Aromatics
Client:
Project: Sample;
Report Date:  07/23/97 Type: Water
Collected: Container;
Received:
Analyzed: 07/22/97 Dilution Factor:
By: GAM
MS
Number Priority Pollutant Compounds (%)
I Benzene 102
2 Chiorobenzene 100
3 1,2-Dichlorobenzene 100
4 1,3-Dichlorcbenzene 110
3 1,4-Dichlorobenzene 93
6 Ethylbenzene 102
7 Toluene 99
8 Xylenes (Total) 93
9 Methyl-t-butylether 97

Surrogate Standard Recovery:

MSD
(%6)

106
104
103
114
105
107
104
99

100

114

RPD
(%)

38
3.9
3.0
3.7
10
4.8
4.9
6.2
3.0

0.9

Corresponding Samples: G123A-083-01, G123A-085-002, G123A-085-03, G123A-085-04

\ "™
1,4-Difluorobenzene
Comments:
PQL = Practical quantitation limit,
BQL = Below quantitation limit,
4

hiireportsfforms\dconwin\GCF 10600 MA Page 1 of 1

07/23/97,16:21



AEN - Massachusetts

Nt Analysis Report: EPA Method 8020A -Volatile Aromatics
Client: [EAID:  Contimuing Cal
Project: Sample:
Report Date: 07/23/97 Type: Water
Collected: Container:
Received:
Analyzed: 07/21/97 Dilution Factor:
By: GAM
Spike
Number Priority Pollutant Compounds (ug/L)
1 Fienzene 30
2 Chlorgbenzene 30
3 1,2-Dichlorobenzene 30
4 1,3-Dichlorobenzene 30
5 1,4-Dichlorobenzene 50
6 Ethylbenzene 30
7 Toluene 30
8 MNylenes (Total) 350
9 Methyl-t-butylether 30
Surrogate Standard Recovery:
.
1,4-Difluorobenzene 100
Comiments:
PQL = Practical quantitation limit,
BQL = Below quantitation limit.
Corresponding Samples: G123A-085-01, G123A-085-002, G123A-083-03, G123 A-085-04
A4

h:reportsfforms\deonwim\GCF 10600, MA

Page 1 of |

Result

(ug/L)

117

07/24/97,14:42



RA S !
"@’ M( ER, INC Laboratory Task Order No ( CHAIN-OF-CUSTODY RECORD Page__( I o ol

Favivenn, hrfrm:rm mre

-tidemi} cormpany

Project Number M A {40,003 SAMPLE BOTTLE / CONTAINER DESCRIPTION ]
Project Location 1 SR T
Labhoratory __LLA / A E M
Sampler(s)/Affiliation M/Q;Lﬂf
_, G
Lab Daie/Time
K SAMPLE IDENTITY Code  Sampled Lab ID TOTAL
_of LHAIN i 120
Uobilered | L [¥4i7 2 ; \ q
~o5 L HAHAR 3o :
Cdeced [t Va7 l |
o1 | R LARA &) 1200
Unfilleceg | L [ 1214) - | l Y
ol [RUAHA %I | 200
| Coleceq | L [219) ] |
oF | HAHA 4k 2. 130
UnGylereg |\ N o | \ "*
Sample Code: L = Liquid; S = Solid: A = Air : Total No. g;ggfﬂgfs’
. /
Relinquished by: J) Organization: _[ / i f Date. _f Seal tntact?
Received by: i Je'L. Organizatior: __A-w N Date_1_/_+\ L4 JTime __1* H‘ﬂ Yes No N/A
Relinquished by: ';\\) Organization: Date__{ ¢ Time Seal Intact?
Received by; Organization: Date__{ [ Time Yes No N/A

Special Instructions/Remarks:

Delivery Method: 1 In Person O Common Carrier . ... (-] Lab Couner (1 Cther _. . ___

TR cpprrny




AL _GRA..Y 0.
Aigjl\, 'I;,P}a[,l\lc. Laboratory Task Order No. ( CHAIN-OF-CUSTODY RECORD Page ( N o

" a heidemij company

Project Number M AO lMO. 003

_]
Project Location /5 2T .
Laboratory ] EA / AE M j
Sampler(s)/Affiliation D;(’l._x:tx. bfasher
S F - '
DatefTime : ; ~
/ /

SAMPLE IDENTITY Code  Sampled Lab ID

TOTAL
07 Heua 2 |30
~ | Cdeced | & [1aifan l & | 9 !
¥ |RUAHAE 2 200
nlileeg | L |7ln4q K I i Y
-o¥ [ AlANA Y2 200
Coleced | L | 1ziay 1 |
Sample Code: L = Liquid; S = Solic{i; A = Ar Tolal No. of Bolties/ 20
Relinguished by: - MLM Organization: (9{"‘[214_ Date_7 13/ I ) Time _EASL Seal Inact?
Received by: — U b ‘;Ligf’ﬂilﬁ_:h()rganizaﬁoﬁ: Aoy, nJ 3 .. Date "1t 28 1 1Time 1-(5U Yes No N/A
Relinquished by: @] ' l Organization: Date__{ [ Time Seal intact?
Received by: Organization: Date_ [ [ _Time Yes No N/A

Special Instructions/Remarks:

Delivery Method: 1) In Person 0 Common Carrier . (L} Lab Courier (1Other . ... ..

T



: HBHA - =R SAMPLING
ISRT SITE, WOER ., MASSACHUSETTS
SAMPLING LOCATION #1

DISSOLVED ARSENIC CONCENTRATION PLOT (mg/L)
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(Sampling Program at Location #1 Started in February 1995)

GERAGHTY & MILLER, INC.
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( HBHA - vg R SAMPLING (

ISRT SITE, WOBDBN, MASSACHUSETTS
SAMPLING LOCATION #1

TOTAL ARSENIC CONCENTRATION PLOT (mgiL)
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{Sampling Program at Location #1 Started in February 1995)

[
Lt

GERAGHTY & MILLER, INC.



( HBHA-Vg "R SAMPLING (
ISRT SITE, WOBS. .N, MASSACHUSETTS

SAMPLING LOCATION #1

DISSOLVED CHROMIUM CONCENTRATION PLOT (mg/L})
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{Sampling Program at Location #1 Started in February 1995)

GERAGHTY & MILLER, INC. k)
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HBHA V\S 2 SAMPLING
ISRT SITE, WOBM ¥, MASSACHUSETTS
SAMPLING LOCATION #1

TOTAL CHROMIUM CONCENTRATION PLOT (mg/L})
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(Sampling Program at Location #1 Started in February 1995)

26~V +

L6-ReN ¢
L6701

Cad )
¥

GERAGHTY & MILLER, INC.



”~,

BENZENE CONCENTRATION (ug/L)
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HBHA - ‘R SAMPLING
ISRT SITE, WOBB. .4, MASSACHUSETTS
SAMPLING LOCATION #1
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(Sampling Program at Location #1 Started in February 1995)
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(Sampling Program at Location #1 Started in February 1995)

GERAGHTY & MILLER. INC. ]
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HBHA, - ‘R SAMPLING
ISRT SITE, WOBB, .4, MASSACHUSETTS
SAMPLING LOCATION #2

DISSOLVED ARSENIC CONCENTRATION PLOT (mg/L)

-

Detection Limit

(Sampling Program at Location #2 Started in August 1995)
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( HBHA - V\g R SAMPLING (
B

ISRT SITE, WOBWhN, MASSACHUSETTS
SAMPLING LOCATION #2

TOTAL ARSENIC CONCENTRATION PLOT (mag/L)
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(Sampling Program at Location #2 Started in August 1895)
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